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_______________________________ Summary______________________________xviii
In 1973 and again in 1979 oil prices increased dramatically forcing many developed 
and developing nations to begin programmes of energy conservation in different areas of 
industry. I.R. Iran as an oil producing and exporting country never felt the full effect of 
these global oil shortages. Therefore, it was one of the few countries in the world not to 
invest much time or money in the study of energy conservation.
Recent studies have shown that in less than two decades domestic oil consumption 
and Iranian oil production will balance. When this happens Iran will lose its revenue from 
oil exports, upon which it is dependent for foreign currency, and may even have to begin to 
import energy. Therefore, Iran is not only behind most countries in the investigation of 
energy conservation technology but is facing severe shortages.
This thesis studies Iran's energy production, consumption, and outlines the 
possibilities for energy conservation in Iran.
Chapters 1 through 4 of this work introduce Iran, its geography and location and 
also provide a synopsis of its current energy situation. Chapter 2 explains Iran's energy 
balance, outlining the production and consumption of the different friels used in Iran. 
Chapter 3 looks at energy demand forecasts as well as price and income elasticities. It is 
this chapter that highlights Iran's impending energy crisis. Chapter 4 discusses the general 
energy efficiency potential and obstacles to that energy efficiency in Iran. This chapter 
touches on the subjects of fuel prices and the institutions set up to control energy.
Chapter 5 looks at energy conservation in Industry. It is divided into two main 
parts; first, a general look at industrial energy conservation techniques and practices in 
developed and developing nations; second, a specific look at energy conservation in Iranian 
industry. The latter section is itself divided into three parts; one, an energy audit of the 
National Industries Organization; two, energy conservation in the cement industry with a 
specific case study done at the Tehran cement factory; and, three, a general look at energy 
conservation in the glass industry, with a specific case study done at the Ghazvin Glass 
Company.
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Summary_________________________________________________________________ xix
Chapter 6 examines energy conservation in Transportation. It opens with a general |
overview of technical and managerial aspects of energy conservation in transportation in 
general around the world. Next, it discusses potential for energy conservation related to 
transportation in Iran.
Chapter 7 discusses energy conservation in Mining. There has been very little work 
done on this subject, especially when compared to the information available on energy 
conservation in transportation and industry. Therefore, a special study was carried out in 
this field. This study identified a number of possible areas of energy conservation in 
mining. A separate section of Chapter 7 describes the Iranian mining sector and notes that 
its growth will necessitate quite a lot o f work on energy conservation in that sector.
Chapters 8 and 9 examine Employment and the Environmental aspects of energy 
conservation. First the subjects are examined in a general way and then they are discussed 
specifically for the case of Iran.
Chapter 10 contains the conclusion and recommendations for every chapter of this
work.
The study of energy production and use in Iran which is described and discussed in 
this thesis is related to recommended actions for the future. It is shown that energy 
conservation can play an important role in the Iranian economy. Not only can it have 
positive environmental and employment effects, but it can delay the time when Iran ceases to 
be a net exporter of oil.
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Introduction
Oil exporting developing countries heavily depend on a single commodity export - 
oil - to finance their development. Oil revenues are the main source of government revenue 
and foreign exchange earnings in these economies accounting for more than 25% of gross 
domestic product and 90% of exports in most of the major oil exporting countries (see 
Table 1.1). Oil exporting countries have many of the characteristics of developing 
countries, including a low level of industrialization, large rural population, insufficient 
infrastructure facilities, rapid population growth and a shortage of skilled labour. In 
contrast, however, oil exporters enjoy a steady and effective stream of foreign exchange 
earnings capable of importing capital goods and services.
There are two features that distinguish the oil exporting countries from other 
developing countries that are also dependent on exports of^primary g o o ^  First, no other 
commodity has the importance that petroleum has in the global economy. The strategic 
and heavy dependence of the world on petroleum has created a market advantage that no 
other exporter enjoys. Of course, the development of a cheaper and more efficient source 
of energy may quickly replace the oil as the world’s foremost source of energy, as once oil 
did to coal. Second, and more important, oil is an exhaustible resource. Thus, oil 
exporting countries cannot consider oil revenues as a permanent stream of income.
Although the oil exporting countries share certain common objectives, they are not 
a homogeneous group. They widely differ in area, population, volume of oil reserves, 
degree of economic dependence on oil, non-oil resource endowments, gross national 
product (GNP) per capita and general level of socio-economic development. These 
countries also markedly differ in technological advancement, technical skills and in the 
overall capacity to develop in both oil and non-oil sectors. Despite the diversity, two 
distinct groups among the major oil exporting countries can be identified. The capital 
surplus countries include the Persian Gulf states, Saudi Arabia, and Libya. The labour 
abundant countries include Iran, Venezuela, Nigeria, Algeria, and Indonesia. The capital 
surplus countries have small populations. Labour surplus countries, on the other hand,
have much smaller reserves of oil and lower income. For example, in 1989 the average
?size of proven reserves per capita for capital surplus group/was more than thirty times 
higher than that for the labour abundant grou^ In the same year, the average per capita
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GNP for capital surplus countries amounted to $7 164 compared to $1 078 for the labour 
abundant oil exporters (see Table 1.1).
Clearly these two groups of oil exporting countries have very different development 
problems. The high capital group have large inflow of foreign exchange but limited 
domestic potentials for development. These countries have attempted to base their 
development strategy on capital intensive resource-based industrialization (such as 
petrochemicals and energy intensive manufacturing). Moreover, investment in foreign 
assets has been high on their agenda. The labour abundant countries, on the other hand, 
have low per capita oil reserves and income, hence, investment in foreign assets has not 
been considered as a viable^option. These countries have emphasized domestic 
development and extensions o:^agriculture sector and labour intensive industrialization.
The total area of Iran is 1 648 000 square kilometres. To its north lies the former 
Soviet Union and to its south the Persian Gulf, the most important waterway of the world’s 
energy flow. Two rugged mountain ranges stretching across the western and northern part 
of the country surround the central plateau. Annual rainfall is abundant in the mountain 
ranges, but the central plateau is generally dry with an arid climate.
According to the most recent census, conducted in 1986, Iran has a population of 58 
million of which 52% live in urban areas. Tehran, the capital city, houses about 40% of 
. total urban population; twice as much as the population in the next three largest cities of y
Mashhad, Esfahan, and T ^riz  combined. The estimated annual rate of population growth ^  
has significantly increased from less than 2% in the early sixties to the incredibly high rate 
of 3.2% reported in recent years. The population is very young with more than 45% under 
age 15 and only 3% over 65. A shortage of skilled personnel and managerial talents has 
been a major development bottleneck in recent decades.
In addition to huge reserves of oil and natural gas, second largest in the world, Iran 
is extremely rich in a number of other minerals including lead, tin, uranium and copper.
More than 51 million hectares of arable land, a little under one-third of the total area of the 
country, provides abundant room for expansion of agriculture. At present no more than 17 
million hectares (33.3%) of the arable land are being cultivated. Of this about 4 million 
hectares are irrigated and the remainder is under dry farming operation. The map of Iran is 
shown in Fig. 1.1.
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The aim of this study is to focus on the major obstacles to realize energy saving, the 
scope for energy savings, the review of priority options and proposed policies, and the 
outline of an action programme to define and implement an energy efficiency strategy, 
considering that macro economic and energy pricing policy in Iran have not been 
conducive to the adoption of energy efficient behaviour. Price distortions are substantial 
with both industries and consumers receiving large implicit subsidies as fuels are sold at 
a fi’action of international cost. Government involvement in energy sector operations is 
very direct as energy supply companies are organized as departments of ministries. The 
energy ministries and energy enterprise management have focused their attention on the 
need to expand and to rebuild the capacity of supply, rather than on improving the overall 
efficiency o f the coverage of energy needs.
Energy consumption is inefficient as a result of which there is enormous scope for 
energy saving in Iran.
The literature survey of this report was done in Iran, England, and Canada. The 
author was involved in the work done at the Nationalized Industries Organization, Tehran 
Cement Factory, Chazvin Glass Factory, and Bonyad Traffic Company for the study of 
transportation for Iran. Prior to the work at Ghazvin Glass factory. United Glass in Essex, 
U.K. was visited and there were discussions with the energy manager about their 
experience in this field. The author spent some time in 1996 and 1997 in McGill 
University in Canada to study energy conservation in mining.
The author’s survey of energy efficiency in various industries is used to compare 
their current practice with the best cases in industrialised nations. The potential for 
improvement by upgrading existing plant and introduction of new designs, together with 
management procedures, is identified. A similar approach is used in the study of transport 
energy. The suggested changes would lead to efficiencies closer to ‘best practice’ and, 
incidentally, to environmental and employment benefits.
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Energy Balance for Iran
In this chapter, the production, consumption, and trade of different types of energy 
in Iran will be reviewed. 5]
2.1 Oil reserves
Total oil resources of Iran are estimated to be 382 x 10^ barrels of which the higher 
share is inland and the rest offshore. At present 95.1 x 10^ barrels can only be exploitable 
by present technology available in Iran. The very important point to notice is the sharp 
reduction in the exploitable reserves from 68.2 to 54.6^  10^ barrels, from 1976 to 1992, a 
21.8% reduction. Iran has 9.2% of total oil reserves of the world. In the last 80 years total
oil extracted has been 41.8 x 10^ barrels, and in 1992, the production was 3.693 million 
barrels per day. (See Tables 2.1 and 2.2)
During 1976-92 new resources discovered were 2.2% of the known resources or
8.3 X 10^ barrels. Considering the production remains constant and equal to present level 
of production, with present technology, even using secondary recovery, the resources will 
not last more than 70 years.
1976 1986 1992
Known crude oil reserves 
- Land 337.0 3428 343.0
- Offshore 37.7 39.0 39.0
Total 373.7 381.8 382.0
Primary and secondary recovery 
- Land 86.1 86.8 86.7
- Offshore 7.0 8.5 8.5
Total 93.1 953 95.2
Exploitable known resources 
- Land 62.8 54.3 49.3
- Offshore 5.4 5.7 5.3
Total 6&2 60.0 54.6
Table 2.1: Situation of oil reserves (10^ barrels)
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2.2 Oil production
Capacity of oil production for 1976-7 was close to 6 million barrels a day which has
reduced during recent years to between 3 and 3.7 million barrels per day.
In 1976, the oil production from inland resources was 5 442 x 10  ^ barrels per day 
which was reduced to 2 024 x 10  ^ barrels per day in 1986. In 1992, this production was 
increased to 3 383 x 10^ barrels per day.
The offshore production was reduced from 546 x 10^ barrels per day to 36 x 10  ^
from 1976 to 1987 but in 1992 the production was increased to 310 x 10  ^barrels per day.
Year Inland Offshore Total
1976-7 5 442 546 5 988
1977 5 114 580 5 694
1978 4 641 381 5 022
1979 2 996 299 3 295
1980 1 220 234 1 454
1981 1 295 186 1 481
1982 2 442 242 2 684
1983 2 447 256 2 703
1984 2 121 256 2 377
1985 2 248 238 2 486
1986 2 024 159 2 183
1987 2 407 36 2 443
1988 2 454 103 2 557
1989 2 716 231 2 947
1990 3 022 245 3 267
1991 3 125 241 3 366
1992-3 3 383 310 3 693
Table 2.2: Iran's oil production from different sources 
(thousands of barrels/day)
2.3 Pipelines and storage
Since 1979 the capacity of pipelines for crude oil to be transferred to refineries has
increased from one to 1.3 million barrels a day. The capacity of pipelines for export of 
crude oil has been unchanged and is in the region of 6 million barrels per day. Between
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1978 and 1987 the capacity of oil products transfer by pipelines was increased to 1.7
million barrels per day. The length of pipelines for crude and oil products are 7 292 and 
7210 km respectively.
Nearly 67% of the oil products was transported by road vehicles in 1971, but by 
1992, with more use of pipelines, this ratio was reduced to 27%. In this year the million 
tonne kilometre carried by pipelines was 13 562, by road 6 123 and by railroad 1 560.
The capacity of storage in 1992 was 5.24 x 10^ m^ which was equivalent to 35 days 
consumption of the country. From this capacity, 82.3% was for light oil products such as 
18.6% gasoline, 29.3% kerosine, 34.4% diesel. The remaining capacity was for fuel oil. 
The highest and lowest capacity is for Tehran and Ham, with 22.2 and 0.06% of the 
capacity respectively.
2.4 Refineries
The capacity of refineries between 1977 and 1992 reduced by 22.8% and declined 
from 1 081 000 to 835 000 barrels. For years Abadan refinery with a capacity of 480 000 
barrels per day was the most important refinery in the country. In 1968 the first refinery in 
Tehran with a capacity of 85 000 barrels per day started its activity. Shiraz refinery and the 
second refinery of Tehran with capacities of 40 and 100 thousand barrels per day were 
started in 1973 and 1975 respectively.
In 1973 the international price of crude oil was increased and, because of increased 
income, the domestic demand for oil products was increased. In order to meet this demand, 
in 1977 the Tabriz refinery with capacity of 80 000 barrels per day, Lavan with 20 000 and 
a new extension of Abadan refinery with a capacity of 130 000 barrels per day were 
established. Esfahan refinery with a capacity of 250 000 barrels per day started its activity 
from 1981.
c
After the war, Abadan and Mahshahr refineries were out of production, and the 
capacity of refineries was reduced to 650 000 barrels per day. Reduction in production of 
the domestic refineries and increase in demand caused the importation of refined products.
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2.5 Supply and demand of oil products
Since 1976 demand for oil products has increased with a peak in 1985 but, due to 
the war and damage to refineries and lack of currency for importing, the consumption 
dropped. During 1976-90 average growth rate of production and consumption of oil 
products increased to 2.1 and 5.9% respectively. During these years there was no balance 
between production and consumption, and some oil products needed to be imported. 
Between 1976 and 1992 production increased and there was a better balance between 
production and consumption. The consumption per capita was increased from 697 litres to
1 016.9 litres. Production increased from 22.6 x 10^ cubic metres in 1976 to 58.2 x 10^ 
cubic metres in 1992, which indicates 6.2% growth in consumption per year. (Table 2.3)
1976-7 1991-2 1992-3
Product Production Consumption Production Consumption Production Consumption
Liquid gas 1680 710 2 032 2 813 2 079 3 062
Gasoline 4 740 3 740 8 632 8 991 8 692 9 777
Kerosine 5 220 5 150 7 090 8 280 7 756 10 459
Diesel 7 890 7 240 15 903 20 153 14 594 20 882
Fuel oil 15 060 5 780 18 386 12 842 18 485 14 031
Total 34 590 22 620 52 043 53 479 51606 58 211
per capita 
(litre)
1 026.0 697.0 932.0 957.8 901.5 1 016.9
Table 2.3: Production and consumption of oil products (1976-92) 
(thousand of cubic metres) /year
2.5.1 Diesel (diesel and light fuel oil)
Among oil products, diesel has the highest consumption. Annual consumption of 
diesel was 6.1 x 10^ barrels per year in 1961, which reached 126.5 x 10^ barrels per year in 
1991. The share of diesel among other oil products was 24.1 and 37.2% for 1961 and 1991 
respectively.
Diesel can be used in transportation, agricultural, industrial, residential and 
commercial sectors and power plants and the share of different sectors is shown in Table 
2.4. It can be seen that transportation has had the highest consumption. During 1972-77 
the industrial sector had the second place, but in the present year (1991) the agricultural 
sector became the second largest consumer of diesel.
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The importation of diesel was 104 x 10^ barrels per year in 1977 and decreased to
45.68 X 10^ barrels per year in 1987. After the war, and better use of refineries, the 
importation reduced to 27 x 10^ barrels per year in 1991,
Domestic production, consumption and importation of diesel is shown in Table 2.5. 
The self sufficiency index for diesel declined to less than one in 1977, and still is less than 
one. With the start of the seventh refinery, and substituting natural gas instead of diesel, 
there is some hope for increasing the self sufficiency to more than one.
Sector 1972-77 1981-86 1991
Transport 48.1 40 39
Industry 2Z3 20 17
Agricultural 17.4 21 21
Power plants 7.7 11 7
Commercial & Residential 4.5 8 16
Total 100 100 100
Table 2.4: Share of diesel consumption in different sectors 
(unit = per cent)
Consumption 1962 1971 1977 1981 1987 1988 1989 1990 1991
Consumption 6.81 21.15 56.89 63.09 111.07 109.71 111.74 111.07 126.4
Domestic
production
22.86 36.12 46.61 47.79 67.18 67.42 87.41 89.49 99.74
Importation 0 0 10.28 15.3 43.89 42.29 24.33 29.58 26.66
Self sufficiency 
index*
3.34 1.7 0.819 0.75 0.6 0.61 0.78 0.75 0.78
* self sufficiency index = Domestic Production______
Total Domestic Consumption
Table 2.5: Consumption, production and importation for different years
(unit = million barrels)
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2.5.2 Fuel Oil
Fuel oil is the heaviest oil product and has the highest consumption after diesel. 
The share of fuel oil in oil products has been 30% in 1961 and 23.7% in 1991. 
Transportation of fuel oil in cold weather is very difficult and this is the reason for 
construction of power plants close to refineries. Transportation of fuel oil is easier in warm 
weather, therefore it is a suitable and cheap fuel for seasonal factories e.g. sugar factories.
The share of fuel oil in different sectors is shown in Table 2.6. It can be seen that 
i powerplants have the highest share, commercial and industrial sectors are in the second and 
third places.
Production, consumption and export of fuel oil is shown in Table 2.7 for 1961 to 
1991. Usually production of this product has been more than domestic demand, except for 
1988. The average annual growth rate of consumption of fuel oil has been 30.5%, but still 
the production of this fuel has been more than domestic consumption. This is because of 
the refinery situation. In some refineries even up to 50% of products is fuel oil, while there 
is the possibility of producing more light oil products from the fuel oil.
Sector 1972-77 1981-86 1991
Industry 19 30 26
Power plants 57.4 40 40
Commercial 23^ 30 34
Table 2.6: Share of each sector in consumption of fuel oil (%)
1962 1971 1981 1988 1989 1990 1991
Production
Consumption
Export
57.01
7.91
49.19
84.54
20.87
61.67
60.5
54.2
6.3
72.64
74.96
-2.32
90.1
7&2
11.9
102.86
78.68
24.19
115.3
80.5
34.8
Self sufficiency 
index
7.2 3.95 1.11 0.96 1.15 1.3 1.43
Table 2.7: Production, consumption and export (import) of fuel oil
(unit = million barrels)
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2.5.3 Kerosine
Initially kerosine was used in the residential sector for lighting, cooking and 
heating. After substituting liquid gas, electricity, and natural gas (in recent years), the share 
of kerosine in lighting was reduced and it was used mainly for space heating and cooking. 
Approxinjately 50% of kerosine consumption is for cooking and water heating and another 
50% is for space heating. Therefore consumption of this product increases in cold weather 
and this causes noticeable shortage. Kerosine consumption was 6.91 xlO^ barrels in 1961, 
and 55.03 x 10^ barrels in 1991, which indicates 7.2 % cumulative increase per year.
Table 2.8 shows consumption, production and import of kerosine. It can be seen 
that from 1977 the domestic production was less than demand, therefore kerosine had to be 
imported. As kerosine can be used as jet fuel it can be exported and can earn currency.
The consumption of kerosine in residential and commercial is 83%, agricultural 8%, 
industrial 3% and other sectors 6%.
1962 1971 1977 1981 1988 1989 1990 1991
Consumption
Production
Import
7.36
15.4
0
15.81
19.72
0
37.3
34.2
0.477
32.2
27.8
4.82
46.61
29.03
18.45
55.4
39.03
15.07
52.39
38.2
13.96
55.03
44.96
14.52
Self sufficiency 
index
2.09 1.24 0.91 0.86 0.62 0.7 0.72 0.8
Table 2.8: Consumption, production and import of kerosine 
(unit = million barrels)
2.5.4 Gasoline
There are three types of gasoline in Iran, ordinary, super and unleaded, of which 
97% is ordinary gasoline. Transportation uses most of this oil product, while agricultural 
machines and small electricity generators have a very small share.
Due to urban development in Iran, and increasing demand for urban transportation 
and goods, demand for gasoline increased considerably. Increasing demand for private 
cars, low provision of public transport and low efficiency of existing vehicles caused more 
demand for gasoline. In developed countries the efficiency of car engines has increased
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and consumption for 100 km is between 5 to 7 litres, while in Iran consumption is 12 to 14 
litres of gasoline per 100 km.
In 1985 the number of registered vehicles in Iran was 1.8 million. In 1990 and 
1991, 64 355 and 90 500 new vehicles were registered, and for these years 85% of the 
vehicles were using gasoline. For these years nearly 99.6 and 98.1% of the vehicles were 
made domestically and only a small portion was for importing high efficiency vehicles. 
Due to low prices for gasoline only the price of the vehicle is important at the time of 
purchase and the efficiency of the engine is almost neglected.
Gasoline consumption in 1961 and 1991 was 4.05 and 56.38 million barrels per 
year. Table 2.9 shows production, consumption and import of gasoline. It can be seen that 
after 1980, regardless of imposing national measures, consumption increased more than 
production, and the self sufficiency index was declining until 1988. Even though after 
1988 the self sufficiency index started to increase, until 1991 it remained less than one.
Average annual growth rate of consumption for 1989 was 6.9%. But after an 
effective large price increase in this year because of the introduction of a free market for 
gasoline, the average annual growth rates for 1990 and 1991 were 7.43 and 8.94% 
respectively. This indicates that the consumers of gasoline do not react to this level of oil 
price increase.
1962 1971 1980 1981 1988 1989 1990 1991
Consumption
Production
Import
4.176
17.55
&88
22.2
30.16
30.4
27.86
25.75
2.11
45.86
35.59
11.30
48.17
43.57
:T86
51.75
47.53
2.1
56.38
54.13
0.134
Self sufficiency 
index
4.2 2A9 1.01 0.92 0.78 0.9 0.91 0.96
Table 2.9: Consumption, production and import of gasoline 
(unit -  million barrels)
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2.5.5 Liquid gas (LPG)
Liquid gas is a clean fuel and is portable in small and large cylinders. This gas can 
be obtained from associated gases, natural gas basins and from different refining 
procedures. The supply of liquid gas started from 1961, and the commercial and residential 
sector has been the major consumer. Liquid gas is mainly used for cooking, and a low 
percentage is used for lighting. Consumption of this fuel is very low in the industrial 
sector.
There have been some attempts for using liquid gas in transportation, before and 
after the revolution, but these attempts have not been successful. Consumption of liquid 
gas for 1961 and 1991 was 8x1 0 ^  litres and 2 685 x 10^ litres respectively. Residential 
and commercial, and industrial sectors use 95 and 5% of liquid gas respectively. 
Consumption, production and import of this fiiel is shown in Table 2.10.
1962 1971 1982 1988 1989 1990 1991
Consumption 12 254 1080 2096 2404 2526 2685
Production 18 1345 1063 1473 2233 2486 2699
Import - - 16 681 107 40 0
Self sufficiency 
index
1.5 4.9 0.98 0.70 0.92 0.984 1
Table 2.10: Production, consumption and import of liquid gas 
(unit = million litres)
2.5.6 Aircraft fuels
There are two types of aircraft fuels in Iran. One of them is ATK or jet kerosine, 
which is used in civil aeroplanes, and the other one is JP4, which is used in military planes. 
Aircraft fiiel is a combination of 80% gasoline, and 20% kerosine, which is refined 
domestically. Shares of this product from total oil products for 1961, 1971, 1981 and 1991 
has been 0.12, 3.8, 1.5 and 1.2% respectively. Production, consumption and import of this 
fuel is shown in Table 2.11.
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1962 1971 1981 1986 1987 1988 1989 1990 1991
Consumption 132 435 468 563 614 491 464 608 685
Production 1727 2806 530 551 614 662 471 654 665
Import 0 0 0 1.5 0 0 0 0 0
Self
sufficiency
index
13 6.45 1.13 0.97 1 1.07 1.01 1.07 0.97
2.6
Table 2.11: Consumption, production and import of aircraft fuels
(unit = million litres)
Natural gas
Iran has 10.8 and 17 trillion cubic metres of proved and probable reserves of gas
respectively, and is the country in the world which has the second largest resources of 
natural gas. Estimated minimum and maximum lifetime of these resources, considering the 
present rate of production is 190 and 300 years, while the oil resources would only last 70 
years.
There are two sources of natural gas. The first one is associated and top of reservoir 
gas, and the second one is from independent gas sources. The reserves for the first case is 
5.94 trillion cubic metres, and for independent sources the proven and probable reserves are 
4.86 and 11.04 trillion cubic metres.
In 1969 production of natural gas reached 25.3 x 10^ cubic metres, and only 11% of 
it was used and the rest had to be burnt. In 1970 the contract to sell natural gas to the 
former Soviet Union was signed. In 1971, the Beed Boland gas refinery started. In 1972 
the construction of 1122 kilometres of gas pipeline was finished and export of gas to Russia
started. In 1976 production was 52.3 x 10^ cubic metres, and in 1977 when oil production
increased to 5.6 x 10^ barrels per day, owing to having more associated gases, the
production of natural gases increased to 59.5 x 10^ cubic metres.
In 1992 total production of light natural gas reached 124 x 10^ cubic metres per day 
of which 30.2 cubic metres was from associated gases, 49.7 cubic metres from top of oil 
reservoir gases, and 44.17 cubic metres from independent fields.
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1989 1990 1991 1992
Gas type Qty %
share
Qty %
share
Qty %
share
Qty %
share
Associated
gas
25.3 30.8 25.1 27.1 28.9 26.7 30.2 24.3
Top of oil 
reservoir gas
33.9 44.4 36.0 3&8 37.3 34.5 49.7 40.1
Independent 
gas fields
17.1 22.4 31.6 34.1 41.9 38.8 44.1 35.6
Total
Products
76.3 100.0 92.7 100.0 108.1 100.0 124.0 100.0
Table 2.12: Light gas production 
(Qty = million cubic metres per day Share = percentage)
There are four important gas refineries in the country, and their total capacity is 
117 X 10^ cubic metres per day. By the end of 1992, total pipe lines for transfer of gas was 
6 893.6 km, and total extension of pipes was 30 000 km.
In 1981 the total natural gas consumption was 5 695 x 10^ cubic metres, and 
number of registered customers was 143 442 and per capita consumption 140 cubic metres.
In 1986 the total consumption became 9 444x 10^ cubic metres, the per capita 
consumption became 191 cubic metres and the number of cities using gas was 50. In 1992 
the total consumption of natural gas was 26 389 x 10^ cubic metres, the number of 
registered customers was 1 563 355, and the per capita consumption was 461 cubic metres. 
Therefore, between 1981 and 1992, total consumption, number of registered customers and 
per capita consumption had an average growth of 14.9, 24.2 and 11.4% respectively. By 
increasing the number of customers in residential, commercial and industrial sectors, the 
share of these sectors rose from 41.4 to 57% from 1981 to 1992, and the share of gas 
delivered to refineries was reduced from 46.6 to 37.3% for the same period of time.
In the first decade after the revolution approximately 800 000 new extensions and in 
the first four years of the first five-year plan more than 810 000 new extensions were built. 
The domestic consumption of gas increased by an average of 14.9% per year during 1981- 
92, the final consumption being 4.6 times that in 1981.
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Between 1976 and 1992, owing to the reduction in oil production and more use of
gas, the amount of flared gas burnt reduced from 28 x 10^ cubic metres to 12.8 x 10^ cubic 
metres (important from a global environment point of view). During these years, the 
associated gases from fields located at the southern part of the country were used to feed 
the gas and natural gas liquid : plants *, injection projects and operational activities. The 
light gas produced from gas and natural gas liquid factories was used for residential, 
commercial, industrial and export. The gas from the top of oil reservoirs was used for 
injection projects.
At the present time in 130 cities from 15 states gas is available and nine other states 
do not have gas. The latter states are located in the west, north-west and south-east of the 
country. Tehran has the greatest consumption of gas, having 37.7% of the total 
consumption in 1992. The per capita consumption of gas in Tehran is 914 cubic metres per 
year. Hormouzgan and Eastern Azarbaijan have the maximum and minimum per capita 
consumption of gas, 2 000 and 18 cubic metres per year respectively.
2.7 Electricity Generation
Installed capacity under the supervision of the Ministry of Energy between 1976 
and 1992 increased nearly fourfold, from 3 666 MW to 15 029 MW. That means an 
average 710 MW new installation for each year during this period and per capita installed 
capacity increased with an average growth rate of 5.7%, an increase from 190 watt to 263 
watt. During these years the share of hydro-power dropped from 21.9 to 13%.
Type of Generation 1976 1991
Hydro 804.2 1 952.5
Oil-fired 1 722.0 7 9AT0
Gas 657.5 3 52&0
Diesel 482D 681.0
Total 3 665.8 14 104.5
Table 2.13: Practical installed capacity under the supervision 
of the Ministi*y of Energy (MW)
In addition to the above capacity, there have been 15, 367, and 46 MW plants
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which are related to the Tractor Manufacturing Co; Mobarakeh Steel; Foundry of Esfahan,
Sarcheshmeh Copper and Coal Washing Co; respectively (1991).
In 1976 the length of transmission lines was nearly 11.2 x 103 km, and between 
1976 and 1991 there was 4.2 times increase of this network and transmission lines reached
to 49.3 X 10 km. During these years, therefore, there was an annual expansion of 2 381 
km. Tehran has 128 metres of transmission lines per square km. This figure for other 
provinces is between 4 and 101 m/km
In 1976 total electricity produced under the supervision of the Ministry of Energy
was 14 211 X 10^ kWh. Between 1976 and 1992 annual growth rate was 9.8%, therefore
production increased to 4.5 times and reached 63 782 x 10^ kWh. Between these years the 
per capita production increased from 421 to 1095 kWh, which means a 2.6 times increase.
The number of registered customers of the electrical board during 1976-92 
increased from 2.79 to 10.5 millions, with an average annual growth rate of 8.6%. In this 
period the number of villages using electricity increased 11 times to 26 158. By the end of 
1992 nearly 100% of households in cities, and more than 68% of households in villages, 
which accounts for 85% of the total population, had electricity.
During the same period, consumption of electricity increased by an average annual 
growth rate of 10.4%. In these years per capita consumption increased by an average 
growth rate of 6.8%. Therefore the total consumption of electricity for this period
increased from 10 758 x 10^ kWh to 52 306 x 10^ kWh, and per capita consumption 
increased from 319 kWh to 913.8 kWh. Total consumption had an annual increase of
2597 X 10^ kWh, and per capita increase in consumption was 37.2 kWh.
In 1976 the consumption of Tehran and Khosestan was 58.2% of total consumption; 
this figure was reduced to 37.8% in 1992 but still these two provinces had the highest per 
capita consumption of 2 201, and 1 976 kWh in 1992 respectively.
Between 1976 and 1992 the industrial share of electricity consumption , in
comparison to the residential sector, was reduced from 76 to 62.7% of total consumption.
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The potential of hydroelectric power in Iran is 15 880 MW, which can produce
35806 X 10^ kWh per year.
The energy balance for Iran (1991-2) is shown in Fig. 2.1. The map of energy is 
shown in Fig. 2.2.
The total final energy consumption in 1995-96 was equivalent to 584 million 
barrels of oil. The share of industry, residential and commercial buildings, transportation, 
agricultural and others was 156.8, 211.6, 137.2, 30.9, and 47.5 mboe respectively. The 
consumption in 1995-96 compared to 1991-92 increased by nearly 37%, which indicates 
more than a 9% annual increase in demand for this period. [16]
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Energy demand forecasting, price and income elasticities
In this chapter the work of different researchers about price and income elasticities 
have been studied, and energy demand has been calculated by two methods.
3.1 Price and income elasticities
Policy makers in economies should be able to forecast the results of imposing any 
policy. For energy demand decisions a knowledge of consumer behaviour is necessary. 
Therefore information about price and income elasticities is very important in decisions 
about energy matters. Price and income elasticities indicate the consumer behaviour with 
respect to price and income changes. This chapter reviews the studies about price and 
income elasticities which have already been done in Iran by individuals or research 
institutions. This study is important because it shows the consumer behaviour.
3.1.1 Stanford Research Institute
Stanford Research Institute has done a detailed study about supply and demand of 
energy in Iran, at the request of the Ministry of Energy and the report was submitted in 
1978, For demand of energy 16 sectors and industries (e.g. residential and commercial, 
petrochemicals, sugar, steel,...), and seven types of fuels (electricity, fuel oil, gasoil, 
kerosine, liquid gas, natural gas and liquefied natural gas) were defined. Even though SRI 
has used some equations for forecasting they were not econometric equations. The general 
form of equation used for forecasting is as below:
energy
unit
/  energy \  r GRP/capita t  r  (price) -i
^ unit yo [GRP/(capita)oJ [  (price)oj
"o" indicates the base year, which in this case is 1974, and GRP indicates the Gross 
Regional Production. Elasticities a and b are in some cases calculated by point elasticity 
method, and in other cases by the best judgement of the SRI group using experience in 
other countries. The selected elasticities for fossil fuels and electricity is shown in Table 
3.1:
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Sector Income elasticity* 
a
Price elasticity 
b
Fossil Fuels
Residential and commercial 0.75 -0.2
Low energy intensive industries 0.18 -0.1
Transportation 1, 1.5 -0.3
Agricultural 1.1 -
Electricity
Residential and commercial 1.3, 1.6, 1.8 -0.3
Low energy intensive industries 1, 1.1 -0.2
^income is gross production per employee in each sector
Table 3.1: Price and income elasticities in SRI studies
3.1.2 Ministry of Planning and Budget
This study was undertaken in 1978, and its major aim was to forecast energy 
demand and price and income elasticities for the sixth plan. The period of estimation has 
been from 1967 to 1976, and the price, income, and investment elasticities are summarised 
in Table 3.2.
Elasticity
Products Income* Price Investment
Kerosine 0.81 -0.22 -
Gasoline 0.72 -0.38 0.20
Gasoil 0.79 -0.16 0.18
Fuel oil 0.93 - -
Total petroleum products 0.70 -0.17 0.19
* Income means GNP here
Table 3.2: Income, price and investment elasticities of demand 
for petroleum products by M.P.B. (1978)
3.1.3 Research Institute for Planning and Development
This study has considered the econometric rules and the demand for energy carriers 
for different sectors, such as industrial or agricultural, has been estimated (by ordinary least
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square method) for the duration of 1968-1989. The following equations are the results of
these calculations based on actual past trends.
3.1.3.1 Electricity demand
A: Residential sector
Iny = -1.6 - 0.209 Inxi +1.78 lnx2 + 0.181 Inx] 
where:
y = average demand of each consumer 
XI = real price of electricity for residential sector 
x2 = per cent of urban population 
X3  = per capita gross national product
B: Commercial sector
Iny = -6.6 - 0.46 Inxi +1.2 lnx2 + 0.316 Inx] 
where:
y = electricity demand of commercial sector 
x% = average real price of electricity 
X2 = urban population 
X3  = value added of Commercial sector
C: Industrial sector
Iny = 5.2 - 0.294 lnx% +0.44 lnx2 
where:
y = electricity demand of industrial sector 
XI = real price of electricity 
X2 = gross domestic product
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D: Agricultural sector
Iny -  6.134 +0.003 Ixi - 0.595 lnx2 
where:
y == electricity demand of agricultural sector 
XI = value added of this sector 
X2 = average real price of electricity
E: Total electricity demand
In (Ty) = -3.7- 0.219 Inxi +0.39 lnx2 + 0.72 Inx3  + 0.81 lnx4 
where:
Ty = total electricity demand
XI = average weighted price of electricity
X2 = gross domestic product
X3  = population
X4  = trend variable
Elasticity
Sector Price Income Urban
population
Residential -0.21 0.18*
Commercial -0.46 0.32** 1.2
Industry -0.29 0.44*** -
Agriculture -0.59 0.01**
Total electricity demand -0.22 0.39*** 0.72
* per capita gross domestic product
5fe* value added of sector
*** gross domestic production
**** per cent of urban population
Table 3.3: Price, income and population elasticities for electricity 
demand in different sectors
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3.1.3.2 Natural gas demand
A: Residential and Commercial sector
Iny = -2379.3 + 697.6 Inxi + 289307 lnx2 
where;
y = natural gas demand
XI = number of registered customers
X2 = gross domestic product without oil with respect to price of 1974
B: Industrial sector
Iny = 11.462 - 1.39 Inxi + 2.2 lnx2 
where:
y = natural gas consumption 
XI = price
x2 = gross national product with respect to price of 1974
Sector
Elasticity
Price Income
Residential and commercial 
Industry
-0.6
-1.39
1.7 to 2.4 
2.2
Table 3.4: Price and income elasticities for natural gas 
demand in different sectors
3.1.3.3 Petroleum products
A: Residential and Commercial sector
Iny = -1.62 - 0.459 Inxi + 0.837 lnx2 
where:
y = natural gas consumption
xi = number of registered customers
X2 == gross domestic product without oil with respect to price of 1974
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B: Industrial sector
Iny = -0.54 - 0.257 Inxi + 0.689 lnx2 
where:
y = petroleum products consumption in industrial sector 
XI = average price of products 
X2  = value added of this sector
C: Transportation sector ^
Iny = -17.46 + 4.147 Inxi + 0.66 lnx2 
where:
y == petroleum product consumption in this sector 
xi = percentage of urban population 
X2  = gross domestic product in real price
D: Agricultural sector
Iny = -4.713 - 0.435 Inxi + 1-3 lnx2
where:
y = petroleum product consumption in this sector 
XI = price
X2 = value added of this sector
E: Other users
Iny = -4.739 - 0.553 Inxi + 0.961 Inx2
where:
y = petroleum product consumption 
XI -  price
X2  = gross domestic product
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Elasticity
Sector Price Income Substitution
elasticity
% Urban 
population
Residential and _ 0.84* -0.46*** -
commercial
Industry -0.26 0.69** - -
Transport - 0.66* - 4.15
Agriculture -0.43 0.13** - -
Others -0.55 0.96* - -
* gross domestic product
** value added of the sector
*** the number of connections for natural gas indicates that for each new connection.
0.459% reduction for petroleum products accrue
Table 3.5: Price, income, substitution and population elasticities of 
demand for petroleum products in different sectors
3.1.4 Kianian [10,11]
Mr M. A, Kianian in his PhD has worked on forecasting and calculation of price and 
income elasticities for major petroleum products. He concludes that income increase, 
growth of urban population, abundant supply, low prices, and fast substitution from non­
commercial fuels to petroleum products have led to high demand for petroleum products. 
Estimated equations are as follows ( -1 indicates previous year )
1. Gasoline demand
PGASQ = 260 + 0.458 PRGNP - 0.9951 RGASP + 0.577 PGAQ-l
2. Kerosine demand
PKERQ = 180 +0.7547 PRGNP - 1.282 RKER + 0.5552 PKERQ.i
3. Gasoil demand
PGAOQ = 470.4 + 0.5758 PRGNP - 4.354 RGAOP + 0.6651 PGAOQ-i
4. Fuel oil demand
PFUOQ = 102.3 + 0.3347 PRGNP - 1.313 RFUOP + 0.855 PFUOQ.i
5. Total petroleum products demand
PTRPQ = 889 + 2.35 PRGNP - 7.623 RTRPP + 0.724 PTRPQ-i
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6. Other petroleum products demand. (For energy)
POTHQ = PTRPQ - (PGASQ + PKERQ + PGAOQ + PFUOQ)
The variables are defined as follows:
PRGNP = real per capita income (x 10^ Rials)
CPI = consumer price index (1960 = 100)
RGASP = real price of gasoline (nominal price/CPI)
RKER = real price of kerosine (cent per US gallon)
RGAOP = real price of gasoil (cent per US gallon)
RFUOP = real price of fuel oil (cent per US gallon)
RTRPP = weighted real price of petroleum products
PGASQ = per capita gasoline demand (100 barrels/x 10^ person)
PKERQ = per capita kerosine demand (100 barrels/x 10^ person)
PGAOQ = per capita gasoil demand (100 barrels/x 10^ person)
PFUOQ = per capita fuel oil demand (100 barrels/x 10^ person)
POTHQ = per capita, other products demand (100 barrels/x 10^ person)
PTRPQ = total demand of petroleum products (100 barrels/x 10^
person)
Short term and long term price and income elasticities are shown in Table 3.6.
Products
Elasticity
Income Price
Short term Long term Short term Long term
Kerosine 0.3 0.67 -0.1 -0.22
Gasoline 0.24 0.56 -0.25 -0.59
Gasoil 0.15 0.44 -0.21 -0.63
Fuel oil 0.1 0 69 -0.04 -0.24
Total products 0.18 0.65 -0.12 -0.44
Table 3.6: Short and long term price and income elasticities 
for petroleum products (Kianian)
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3.1,5 Salehi Esfehani [12]
Mr Esfehani in his work about prices of petroleum products has discussed prices, 
subsidies, price and income elasticities for short and long term. He indicates that the high 
consumption is because of abundant supply and low prices. Price and income elasticities 
have been estimated considering seasonal data and they are as follows in Table 3.7.
Elasticity
Income Price
Products Short term Long term Short term Long term
Kerosine and 
natural gas
0.22 0.19 -0.08 -0.09
Gasoline 0.18 1.38 -0.07 -0.55
Gasoil 0.48 0.89 -0.29 -0.54
Fuel oil 0.3 0.63 -0.19 -0.53
Table 3.7: Short and long term price and income elasticities
(S. Esfehani)
3.1.6 Arab M azar Yazdi [13]
Mr Yazdi has worked on petroleum products demand for the second five-year plan. 
He also has estimated price and income elasticities for short and long term. In this study 
the effect of war and rationing have been considered. The demand equations for major 
petroleum products are as follows and values are shown in Table 3.8.
Gasoline
In Q1 = 0.697 + 0.308 In y. + 0.837 In Ql*., - 0.187 In P,
Kerosine
In Q2 = - 0.181 + 0.707 In y^  + 0.268 In - 0.191 In P^
Gasoil
In Q3 = - 0.342 + 0.307 In y, + 0.583 In Q3,., - 0.241 In P,
Fuel oil
In Q4 = - 0.311 + 0.259 In y^  + 0.53 In Q4t_i -0.166 In P^  ' 
where:
Q1 = gasoline demand 
Q2 = kerosine demand 
Q3 = gasoil demand
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Q4 = fuel oil demand 
y = real income
p = real price of products
suffices t -  year
t - l =  previous year
Products
Elasticity
Income Price
Short term Long term Short term Long term
Kerosine 0.71 0.97 -0.19 -0.26
Gasoline 0.31 1.89 -0.19 -1.15
Gasoil 0.39 0.95 -0.24 -0.58
Fuel oil 0.26 0.55 -0.17 -0.35
Table 3.8: Short and long term price and income elasticities (Yazdi)
3.1.7 M azraati [14]
In this study price and income elasticities for short and long term have been 
estimated for different sectors and different types of energy carriers. Income and price 
elasticities for commercial and residential, agricultural, industrial and transportation are 
shown in Tables 3.9, 3.10, 3.11 and 3.12 respectively.
Products
Elasticity
Price Income
Short term Long term Short term Long term
Kerosine -0.24 - 0.49 -
Gasoil -0.51 - 1.00 -
Fuel oil -0.12 -0.36 0.13 0.39
Liquid gas -0.12 -0.52 0.16 0.69
Natural gas -3.05 - 10.43 -
Electricity -0.2 -0.83 0.12 0.5
Table 3.9: Price and income elasticities for short and long term, 
for the residential and commercial sector (Mazraati)
Amir A. Sadighi PhD Thesis, March 1998
Chapter 3, Energy demand forecasting, price and income elasticities 32
Elasticity
Price Income
Products Short term Long term Short term Long term
Kerosine -0.13 - 0.72 -
Gasoil -0.05 -0.23 0.22 1.04
Gasoline -0.12 -0.24 0.49 1.0
Electricity -0.16 -0.25 0.40 0.63
Table 3.10: Price and income elasticities for short and long term, 
for the agricultural sector (Mazraati)
Products
Elasticity
Income Price
Short term Long term Short term Long term
Kerosine 0.27 0.45 -0.10 -0.16
Gasoil 0.16 1 -0.06 -0.36
Fuel oil 0.14 0.35 -0.13 -0.32
Liquid gas 0.1 0.45 -0.1 -0.45
Natural gas 1.18 1.32 -0.57 -0.64
Electricity 0.39 0.72 -0.01 -0.02
Table 3.11: Price and income elasticities for short and long term, 
for the industrial sector (Mazraati)
Elasticity
Income Price
Products Short term Long term Short term Long term
Gasoil 0.15 - -0.30 -
Gasoline 0.10 0.28 -0.19 -0.54
Aviation fuel 0.47 0.77 -0.31 -0.50
Table 3.12: Price and income elasticities for short and long term, 
for the transportation sector (Mazraati)
3.1.8 Analysing the income and price elasticities of demand for different sectors and fuels
The aim from this study is to compare different elasticities estimated by different 
researchers, and come to a reasonably firm conclusion about their meanings and effects. 
Initially elasticities are examined with respect to different sectors, and then these 
elasticities will be examined with respect to different types of energy. The data about first
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and second parts are shown in Tables 3.13, 3.14, 3.17 and 3.18 respectively.
3.1.8.1 Price elasticity for different sectors
Table 3.13 shows that the least value for price elasticity in the residential and 
commercial sector is -0.12 for fuel oil, and the highest value for natural gas is -3.05. It 
should be noticed that this high value is not only because of customer behaviour but caused 
by a fast substitution policy for natural gas which was imposed by the government. If price 
elasticity for natural gas is ignored, the range for price elasticity in the residential and 
commercial sector is between -0.2 and -0.51, which is less than one. The range of price 
elasticity for industry, transportation, and agricultural sectors are -0.01, -0.25; -0.14, -0.3; 
and -0.05,-0.59 respectively. These results indicate that the customer reaction to price 
increase is low and in the short term cannot be relied upon for reduction in consumption.
3.1.8.2 Income elasticity for different sectors
Income elasticity of demand can show the effects of changes of production in each 
sector on energy demand. Table 3.14 shows that the highest income elasticity in the 
residential and commercial sector is 10.43 and the least value is 0.12. Again by ignoring 
income elasticity of natural gas in this sector, the lowest and highest values of income 
elasticities for this sector are 0.12, and 1.001. Income elasticity of demand for industrial, 
transportation and agricultural sectors is 0.1, 0.68; 0.1, 0.66 and 0.003, 0.72 respectively.
It can be concluded that the effect of consumption increase due to increase of 
activity in each sector is much more significant than the reduction of consumption due to 
the same value of price increase. This state of affairs will continue until the time when 
more consideration is given to energy conservation.
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3.1.8.3 Price elasticity for different oil products
The price elasticity of demand by different researchers and for different fiiels, 
kerosine, gasoline, gasoil and fuel oil are shown in Table 3.17. The minimum and 
maximum values for price elasticity of demand for kerosene, gasoline, gasoil and fuel oil 
are shown in Table 3.15.
Fuel type Maximum Minimum
Kerosine -0.22 -0.08
Gasoline -0.38 -0.07
Gasoil -0.29 -0.16
Fuel oil -0.19 -0.04
Table 3.15: Maximum and minimum values of price elasticities 
for different types of fuel
The researchers have concluded that price sensitivity of these fiiels is low, and this 
indicates that low price increase can not have a noticeable affect on demand.
3.1.8.4 Income elasticity for different oil products
The income elasticity of demand by different researchers and for different fuels: 
kerosine, gasoline, gasoil and fuel oil are shown in Table 3.18. The minimum and 
maximum values for income elasticity of demand for these fuels are shown in Table 3.16.
Fuel type Maximum Minimum
Kerosine 0.81 0.22
Gasoline 0.72 0.18
Gasoil 0.79 0.15
Fuel oil 0.93 0.10
Table 3.16: Maximum and minimum values of income 
elasticities for different types of fuel
It can be seen that the absolute values for income elasticity are higher than price 
elasticity of demand. Therefore more activity in the economy can lead to higher fuel 
consumption, and it can be concluded that price changes will not affect the demand in the
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short term, and non-price policies should be used in the short term.
Researcher
Fuels Plan & Budget 
organisation
Kianian S. Esfhani Yazadi
Kerosine -0.22 -0.10 -0.08* -0.19
Gasoline -0.38 -0.25 -0.07 -0.19
Gasoil -0.16 -0.21 -0.29 -0.24
Fuel oil - -0.04 -0.19 -0.17
Total products -0.12 -0.12 - -
*kerosine and natural gas
Table 3.17: Price elasticities of demand by different researchers 
and for different fuels
Researcher
Fuels Plan & Budget 
organisation
Kianian S. Esfhani Yazadi
Kerosine 0.81 0.30 0.22* 0.71
Gasoline 0.72 0.24 0.18 0.31
Gasoil 0.79 0.15 0.48 0.39
Fuel oil 0.93 0.10 0.3 0.26
Total products 0.70 0.18 - -
*kerosine and natural gas
Table 3.18: Income elasticities of demand by different researchers
and for different fuels
3.2 Forecasting domestic oil demand
The author has used two methods to forecast domestic demand. The first one is a 
sectoral method and the second one uses calculations based on population and GNP
changes.
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3.2.1 Sectoral method
In this part, oil demand for each sector has been forecasted separately and the total
oil demand is the summation of all the sectors demand plus 6%. This allows for oil uses
not included in the sectoral models.
A: Residential and commercial sector
IRRCP = C + a i  * VADCR + a2 * IRRCP (-1 ) 
where IRRCP = consumption of petroleum products in residential and 
commercial sector (Mboe)
C = constant
VADCR = value added in residential and commercial sector (10^ Rials) 
CCI, a2  = constants
By least square method, and for data from 1967 to 1991
C = -0.5622 
a i  = 0.0024 
0C2 = 0.9443
.-.IRRCP = -0.5622+ 0.0024 VADCR+ 0.9443 IRRCP (-1)
From data 1967 to 1991, growth of VADCR has been calculated and an average of 
the last three years is: 
g VADCR = 5.4%
VADCR for 1991 to 2009 = VADCR (-1) * 1.054
IRRCP =-0.5622 + 0.0024 [VADCR (-1) * 1.054] + 0.9443 IRRCP (-1)
IRRCP has been calculated and plotted in Fig. A C. 1
B: Industry
IRINP = C + a i  * VFIN61 + a2 * IRINP (-1) 
where IRINP = consumption of petroleum products in industrial sector (Mboe) 
C = constant 
VFIN61 = value added in industrial sector (10^ Rials)
CCI, CC2 = constants
By least square method, and for data from 1967 to 1991
C = 5.9496
a i  = 0.0042
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a2 = 0.7649
.-.IRINP = 5.9496 + 0.0042 W IN  61+ 0.7649 IRINP (-1)
From data 1967 to 1991, growth of W IN  61 has been calculated and an average of 
the last three years is:
g WIN61 = 13.6%
W IN  61 for 1991 to 2009 = W IN  61 (-1) * 1.136
IRINP = 5.9496 + 0.0042 [WIN61 (-1) * 1.136] + 0.7649 IRINP (-1)
IRINP has been calculated and plotted in Fig. A.C.2
C: Transport
IRTRP = C + a i  * VATR 61 + a2 * STOKCAR + a 3  IRTRP (-1)
where IRTRP = consumption of petroleum products in transportation sector
(Mboe)
C = constant
VATR 61 = value added in transportation sector (10^ Rials)
STOKCAR = number of vehicles 
a i ,  a2, a s  = constants
By least square method, and for data from 1967 to 1991
C = 4.0822
a i  = 0.0076 
a2 = 7.247 x 10*^
a s  = 0.7347
.-.IRTRP = 4.0822 + 0.0076 VATR 61 + 7.247 x 10"6 STOKCAR + 
0.7347 IRTRP (-1)
From data 1967 to 1991, growth of VATR 61 and STOKCAR have been calculated 
and an average of the last three years for them is: 
g VATR 61 = 15% 
g STOKCAR = 2%
VATR 61 for 1991 to 2009 = VATR 61 (-1)* 1.15 
STOKCAR for 1991 to 2009 = VATR 61 (-1) » 1.02
IRTRP = 4.0822 +0.0076 [VATR 61 (-1) * 1.15] + 7.247 x 10"6 
[STOKCAR (-1) * 1.02] + 0.7343 IRTRP (-1)
IRTRP has been calculated and plotted in Fig. A.C.3
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D: Agriculture
IRAGP = C + a i  * VAAGR 61 + IRAGP (-1) 
where IRAGP = consumption of petroleum products in agricultural sector 
(Mboe)
C = constant 
VAAG 61 = value added in agricultural sector (10^ Rials) 
oci, a2 = constants
By least square method, and for data from 1967 to 1991
C = -0.7229 
a i  = 0.0022
0C2 = 0.8394
IRAGP = -0.7229+ 0.0022 V A A G 61 +0.8394 IRAGP (-1)
From data 1967 to 1991, growth of VAAG 61 has been calculated and an average of 
the last three years is: 
g VAAG 61 = 5.6%
VAAG 61 for 1991 to 2009 = VAAG 61 (-1) * 1.056
IRAGP = -7.229 + 0.0022 VAAG 61 (-1) * 1.056] + 0.8394 IRAGP (-1)
IRAGP has been calculated and plotted in Fig. A.C.4
E: Power plants
IRPOP = C + a l  * VAPOP 61 + a2 * IRPOP (-1)
where IRPOP = consumption of petroleum products in power plants (Mboe)
C = constant
VAPOP 61 = value added in power plant generators (10^ Rials) 
a i , a 2  = constants
By least square method, and for data from 1967 to 1991
c = 0.2090
a i = 0.0811
a2 = 0.7830
. IRPOP = 0.2090 + 0.0811 VAPOP 61 +0.7830 IRPOP (-1)
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From data 1967 to 1991, growth of VAPOP has been calculated and an average of 
the last three years is: 
g VAPOP = 10%
VAPOP for 1991 to 2009 = VAPOP (-1) * 1.10
...IRPOP = 0.2090 + 0.0811 [VAPOP (-1) * 1.10] + 0.7830 IRPOP (-1)
IRPOP has been calculated and plotted in Fig. A.C.5
F: Refineries
IRRFP = C + a i  * IRRFP (-1) 
where IRRFP = consumption of petroleum products in refineries (Mboe)
C = constant 
a l  = constant
By least square method, and for data firom 1967 to 1991
C = 8.4181 
a i  = 0.3789 
.-.IRRFP = 8.4181 +0.3789 IRRFP (-1)
IRRFP for 1991 to 2009 has been calculated and plotted in Fig. A.C.6
Total oil demand of sectors = TO OIL SEC 
TO OIL SEC = IRRCP + IRINP + IRTRP + IRAGP + IRPOP + IRRFP 
By considering six per cent for other consumers 
Total oil demand = TO DE OIL = TO OIL SEC * 1.06
Total domestic oil demand have been calculated and plotted in Fig.3.1 and 3.2, 
showing Mboe per day and per year respectively. These figures depict the growing 
demand for energy, based on the average demand values for the years 1988-1991. Another 
scenario is presented in Fig. AC 8, which shows a lower demand as the variables decrease.
The economical and energy data are shown in Appendix B, and the comparison of 
Iranian ( Shamsee ) Years to Christian years is shown in Appendix A.
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3.2.2 Method based on population and GNP changes
In this method calculations are done for annual population growth rates of 3.2 and 
2.3%, and annual GNP changes from one to 10%.
In this case
DOILC = C + a i* P O P  + a2*GNP61 
By least square method
DOILC = -165.1305 + 7.641 * 10"^ POP + 0,0082 GNP 61
Oil demand forecasting for population growths of 3.2 and 2.3% are shown in Fig.
3.3 and 3.4 respectively. The remaining forecast and information are in Appendix D.
A paper was presented at the second European Congress on Economics and 
Management of Energy and Industry in Portugal. The topic was a preliminary study of 
energy production, consumption and potential for conservation in Iran. The abstract is 
shown in Appendix E.
The author concludes from his forecast (shown in figure 3.3) that, in the year 2016 
for middle GNP growth, oil demand will begin to exceed production.
Amir A. Sadighi PhD Thesis, March 1998
Chapter 3, Energy demand forecasting, price and income elasticities 44
fO
cn
0)k3
00
•H
9 Ê ÜI I
8 |
£ 5
| s
0 3  CD
E  ^
CD Q  
0 _ c
Ô 5
CD
CD If)
i 1C; i
A ep
?  
jad
CD C L
CO CM T -  O
|0 jjeq  uojiijuj
LO
o
'vP 'vP
CO C7)
1— r~-
Amir A. Sadighi PhD Thesis, March 1998
Chapter 3, Energy demand forecasting, price and income elasticities______________ ^
0)us00
•H
e|
0 )5 2  c  <0II0  O£2 
■D 0uII
5  s .
I 1111 M tl -h i -tTTITmTITI
t I n u M m
O  lU
i
Aep jsd 3 0 ai/\l
Amir A. Sadighi PhD Thesis, March 1998
____________________________ Chapter 4_______________________________46
Energy efficiency potentials and obstacles in Iran
The following topics are discussed in this chapter:
Primary energy supplied and final energy consumed by different sectors in Iran.
Comparison of energy consumed by each sector in Iran and some other countries.
The ratio of primary energy to gross domestic product for Iran compared to energy 
intensity of some other countries.
Energy prices and currency exchange rate, and comparison of energy prices in Iran to 
various countries.
Comparison of energy efficiency in Iran and "best practice".
Energy efficiency possibilities in different sectors in Iran.
Institutional background.
Obstacles to the achievement of energy efficiency in Iran.
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4.1 A general picture of primary energy supply and final use of energy 
in the country [5]
Year
Energy sources 1989 1990 1991
Oil products 48.2 49.2 52.0
Natural gas 13.3 16.4 19.6
Hydroelectric 0.6 0.5 0.6
Solid fuels 0.1 0.1 0.1
Total of primary 
energy
62.6 66.2 72.3
Million tonne of oil equivalent [conversion factors and different energy units (barrel,
tonne equivalent oil, kWh, Btu, etc) extracted from "BP Statistical Review of World 
Energy"]
Table 4.1: Primary energy supplied for year 1989-91
a. Fossil fuels (oil products and natural gas) comprise approximately 99% of 
the total energy supply of the country.
b. Even though gas has replaced the oil products to some extent and provides 
27% of the supply, the consumption of oil products shows a substantial 
increase.
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Year
Energy sources 1989 1990 1991
Final energy 47.1 49.7 55.0
consumption
Oil products losses* 6.2 6.3 6.4
Natural gas losses** 0.7 0.7 0.8
Electrical generation 8.2 9.5 10.1
losses***
Total losses 15.1 16.5 17.3
Total energy 62.2 66.2 72.3
**
Oil products losses mean the amount of primary energy which has been used or 
lost during refinery procedures and converting the crude oil to oil products
Natural gas losses means the amount of primary gas energy which was used or 
lost in the process of delivering gas to customers
Electrical energy losses includes conversional losses in power plants and losses 
in transmission
Table 4.2: Final energy consumption in the country for years (1989-91)
(million barrels of oil equivalent)
c. As can be seen from Table 4.2, total energy losses are approximately 24 to 
25% of total energy produced and nearly 60% of these losses are related to 
electricity generation.
d. In the last two decades, the share of natural gas has increased considerably 
(Table 4.3), especially in the last three years from 21.4% in 1989 to 27.1% 
in 1991, and it has been predicted that this general trend will continue in 
future.
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Year Share of natural gas
1971 2.7
1976 12.3
1981 14.2
1986 17.3
1989 21.4
1990 24.7
1991 27.1
Table 4.3 Share of natural gas in supplying primary energy (%)
e. Growth in primary energy supply and final energy consumption for years 
1989-1991 has been approximately 8% per year.
Growth
Type of energy 1989-90 1990-91 1989-91
Primary Energy 6.5 9.1 7.8
Final energy consumption 5.6 10.6 8.1
Table 4.4: Supply and Consumption Growth (%)
f. In the year 1991, supply of primary energy in the country was equivalent to 
530 million barrels of oil which is equivalent to 1.45 million barrels of oil a 
day. Therefore, energy consumption per capita was 8.18 barrels of oil 
equivalent in that year.
4.2 Final energy consumption in different sectors
Tables 4.5, 4.6 and 4,7 show the final consumption, primary energy needed, and 
energy losses for different sectors. Table 4.8 compares consumption of energy of different 
sectors for some countries.
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Sector 1989 % 1990 % 1991 %
Household and 
commercial
16.8 35.7 17.4 35.0 19.9 36.2
Industry and mining 10.6 22.5 11.4 22.9 12.5 22.7
Transport 12.6 26.8 13.8 27.8 14.9 27.1
Agricultural 4.3 9.1 4.4 8.9 4.8 8.7
Others 2.8 5.9 2.7 5.4 2.9 5.3
Total 47.1 100.0 49.7 100.0 55.0 100.0
Table 4.5: Final energy consumption by different sectors 
(million tonne crude oil equivalent)
Sector 1989 % 1990 % 1991 %
Household and 
commercial
24.9 40.0 26.1 39.4 29.4 40.7
Industry and mining 13.2 21.2 14.4 21.8 15.6 21.6
Transport 14.7 23.6 16.0 24.2 17.0 23.5
Agricultural 5.9 9.6 6.1 9.2 6.6 9.1
Others 3.5 5.6 3.6 5.4 3.7 5.1
Total 62.2 100.0 66.2 100.0 72.3 100.0
Table 4.6: Primary energy needed for different sectors 
(million tonne crude oil equivalent)
Sector 1989 % 1990 % 1991 %
Household and 
commercial
8.1 32.5 8.7 33.3 9.5 32.3
Industry and mining 2.6 19.7 3.0 20.8 3.1 19.9
Transport 2.1 14.3 2.2 13.8 2.1 12.4
Agricultural 1.6 27.1 1.7 27.9 1.8 27.3
Others 0.7 20.0 0.9 25.0 0.8 21.6
Total 15.1 - 16.5 - 17.3 -
Table 4.7: Primary energy losses and percentage of energy loss of each sector with
respect to primary energy. (Mtoe)
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Countries
Sectors Iran Turkey India Greece Spain Romania South
Korea
Brazil
Household
and
Commercial
35.0 18.6 8.4 12.1 11.5 11.7 20.0 13.8
Industry and 
mining
22.9 31.0 34.2 16.4 24.2 26.6 41.2 27.7
Transport 27.8 22.8 15.8 24.4 25.1 2.4 16.1 24.9
Table 4.8: Comparison of percentage consumption of energy by different sectors
for some countries (1990)
F514.3 Comparison of energy intensity
The ratio of primary energy to gross domestic product is defined as energy 
intensity, and Table 4.9 shows energy intensity for some different countries in 1991. It can 
be seen that energy intensity in Iran is three times that of some developing countries such 
as Turkey and India, and 10 to 15 times that of industrial countries such as Germany and 
Japan. It can be concluded that the energy intensity in Iran at the present time represents 
extreme use of energy with respect to gross national product.
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Country Primary energy 
1991 Mboe
Gross domestic 
product 1991 
US$ 1Q9
Energy intensity 
Primary 
energy/GNP
Iran 530 37 14.3
Turkey 364 68 5.4
India 1348 303 4.4
Greece 177 71 2.5
Spain 627 527 1.2
Indonesia 330 117 2.8
South Korea 720 283 2.5
Thailand 241 80 3.0
Brazil 700 183 3.8
Germany 2506 1573 1.6
Japan 3212 3600 0.9
Table 4.9: Comparison of energy intensity for selected countries
4.4 Prices and currency exchange rates [5]
The base price of different types of energy and the price for each giga joule of these 
forms of energy in Rial is shown in Table 4.10. It can be seen that on the equivalent 
calorific value comparison, the price for electricity is a hundred times more expensive than 
natural gas. Considering that energy prices play one of the most important roles for 
enforcing energy conservation policies, a comprehensive survey and study is needed in this 
field.
One of the most important factors to have in mind is the currency exchange rate. 
Iran is in the transition time in changing from the previous rate (70 Rials = one US Dollar) 
to a new rate (1 400 to 1 600 Rials = one US Dollar, in 1993). If the 50 Rials for one litre 
of gasoline are converted using the first exchange rate the price is 71 cents, and if the 1993 
exchange rate is used (1 400), the price of one litre of gasoline become 3.5 cents. In the 
first case the price is close to international prices, but in the second case which is the real 
economic situation, the price is almost 20 times less than the international prices. In 1997 
the governmental exchange rate was 3 000 Rials for one US Dollar, and the free market 
price was 4 630 Rials.
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Energy forms Base price Price of each G J of energy in Rials
Electricity 14 to 75 Rials per kWh 4329-23190
Crude oil* 18 dollars per barrel 5616
Gasoline 50 Rials per litre 1688
Liquid gas 35 Rials per kilogram 831
Kerosine 15 Rials per litre 485
Diesel 10 Rials per litre 304
Fuel oil 5 Rials per litre 155
Natural gas 8 Rials per cubic metre 231
* the export price of crude oil is considered to be 18 dollars per barrel and the 
exchange rate 1400 Rials/US$
Table 4.10; Price of different types of energy (1993)
The present level of fuel prices is between 5% (fuel) and 20% (gasoline) of the 
economic cost of supply (export F O B. price plus cost of distribution for the fuels). The 
loss suffered by the state budget due to the under-pricing of energy amounted to about US$ 
5 billion per year - during 1992, total sales of oil products amounted to US$ 450 million 
evaluated at the floating rates, whereas the opportunity cost was US$ 6 billion. Fig. 4.1 
shows the average prices of energy for some different countries.
4,5 Comparison of energy efficiency in Iran and "best practices"
Comparison of energy efficiency in Iran to best practice, as illustrated by the energy 
consumption per unit of production in the industrialized countries is shown in Table 4.11. 
This table indicates that Iran is far behind in energy efficiency.
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Industry/sector Specific energy 
consumption, Iran
Specific consumption, 
"best practice"
Cement plants Electricity consumption: 120 
kWh/tonne
Specific energy consumption: 
4074 kJ/kg of clinker (Tehran)
Electricity consumption: 100 
kWh/tonne (Japan)
Specific electricity 
consumption: 2965 kJ/kg of 
clinker (Japan)
Isfahan iron and steel 
mills
Specific energy consumption: 
37.8 GJ/tonne crude steel
Specific energy consumption: 
23.9 GJ/tonne crude steel 
(Japan)
Refrigerators Domestically produced models: 
46 kWh per month
Imported models: 27 kWh per 
month
Car transport Domestically produced 
passenger cars: 12-14 litres of 
gasoline per 100 km
Imported passenger cars: 7-12 
litres of gasoline per 100 km
Thermal power 
plants
Average thermal efficiency: 
31.2%
Losses in transmission and 
distribution: 13.3%
Average thermal efficiency 
39.8% (Denmark)
Losses in transmission and 
distribution: 8.1%
Table 4.11: Comparison of energy efficiency in Iran and "best practice"
4.6 Energy efficiency possibilities in energy conversion sector [15]
Energy conversion losses and consumption of energy sector is shown in Table 4.12.
1988 1989 1990 1991 1992
Energy conversion losses 
Consumption of energy sector 
Total consumption in energy sector
56.8 
14.0
70.8
6R9
26.1
95.0
78.4
30.9
109.3
89.1
34.3
123.4
90.3
37.8
128.1
Table 4.12: Energy consumption and losses in energy sector (unit: Mboe)
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It is estimated that the Combined Heat and Power (CHP) potential in power 
generating sector could be of the order of 400 MW, and the amount of standby generation 
of factories and large commercial institutions, which could be relied upon to be available 
for profitable peak lopping could be as high as 500 MW. This is 3.3% of total installed 
capacity.
Public lighting in Iran had a consumption of 1206 GWh in 1991 and the installed 
load is 300 MW. The lamps are mostly either mercury vapour or incandescent. Changing 
these to sodium lamps, there would be scope for 500 GWh annual energy saving and 150 
MW reduction in utility electricity peak.
4.7 Industrial energy efficiency possibilities [15]
At present, there are approximately 40,000 registered factories in Iran. In 1990 the 
industrial final energy consumption was 24% of the country's final energy demand. On the 
basis of experience in other oil/gas producing developing countries, the estimated overall 
technical energy conservation potential may account for 30-50%. It is expected that 
implementation of no and low cost energy conservation measures may reduce the industrial 
energy consumption by 20%. The energy conservation potential for no and low cost 
measures is shown in Table 4.13.
Industry Energy conservation potentials
%
Food/beverage 15
Textile 20
Wood 5
Pulp and paper 15
Chemical 20-25
Non-metallic 20-25
Basic metals 25-30
Fab. metals 10
Other manufacturers 10
Table 4.13: Energy conservation potentials by industry 
- no and low cost measures only
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4.8 Energy efficiency in the residential and commercial sector [15]
In the 1986 Census Iran counted 9.672 million households, of which 5.527 million 
in urban areas, 4.1 million in rural areas, and 0.045 million unsettled. The residential and 
commercial sectors used 36.2% of the total energy consumption in 1991. The residential 
sector itself accounts for about 25% of the total demand.
The contribution of households to the evening peak is estimated at 50% or about 
5 ,800 MW. For electrified households (75%), electricity is used exclusively for lighting, 
refrigeration, and for specific electric appliances: TV, ironing, washing machines, various 
appliances. Natural gas and LPG together are the most common fiiel used for cooking, 
84.4% in urban areas, 42.4% in rural. In the whole country (1986) the main fuel used for 
heating was kerosine, 82% for urban households, 61% for rural.
Typical single private buildings and institutional buildings use 60 and 50% of their 
energy for lighting respectively. Compact fluorescent lamps (CFLs) are manufactured in 
Iran as replacements for the standard incandescent lamp, the main difference being that a 
100 W incandescent is equivalent to a 20 W CFL in terms of light output. A CFL has a 
rated life of 8 000 hours, compared to 1 000 hours for an incandescent, but it costs 20 times 
more which is the same ratio as in England. The CFL lamps are recommended for 
residential customers using more than 500 kWh/month
The common washing machines sold in Iran are of the cold-fill type. These 
machines use 3.5 kWh for each wash cycle of which 2.7 kWh is used for heating the water. 
A hot-fill machines would use approximately 2.0 kWh less depending on the temperature 
of the incoming water. Considering the machine to be used three times a week, the 
difference in electricity consumption would be almost 300 kWh per annum.
ri714.9 Institutional background
Discussion on energy issues started three decades ago.
1963 - "Supreme Council of Power" was established. The objective of this council 
was to co-ordinate development of energy supply and demand.
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1966 - Establishment of an "Energy Council" was proposed.
1968 - Establishment of the "Energy Council" was approved by the Board of 
Planning, but it was in contradiction with the responsibilities of 
Organization of Water and Electricity (approved in 1967) and Oil Company 
(approved in 1968) so was unable to exercise the proposed powers.
1970 - Stanford Research Institute (S.R.I.) was appointed to prepare a long-term 
plan and a preliminary report was delivered in 1970.
1974 - The Ministry of Energy (i.e., power) was established. Its major 
responsibilities in the area of energy were:
a. Organization of energy studies, preparation of short and long-term 
energy plans and estimation of energy demand in different sectors;
b. Research and development of new energy resources;
c. Preparation of national energy policy;
d. Co-ordination of programmes of the institution responsible for 
utilization and distribution
e. Supervision of energy consumption and approval of energy prices.
1974 - Stanford Research Institute (S.R.I.) was appointed to prepare a revised long­
term energy plan.
1976 - Establishment of "Energy Council" was again proposed by the Ministry of 
Energy.
1976 - "Energy Council" was approved by the government. Minister of Energy was 
appointed as the head of the Energy Council. The Deputy Energy Minister 
was appointed as the secretary.
Discussion of energy issues after the Islamic Revolution.
1981 - A working group was established to review energy problems. Conclusions 
of the working group;
a. Energy planning should be centralised;
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b. The Energy Planning Center should be in close contact with energy 
institutions;
c. The Energy Planning Center should be considered as a technical 
committee of the "Energy Council".
1981 - The Supreme Economic Council approved the concept of centralized energy 
planning.
1981 - Establishment of "Organization of Energy" in the office of the Prime
Minister was proposed.
1982 - The Energy Council rejected the idea of establishing an independent
"Organization of Energy". The Department of Energy at the Ministry of 
Energy was asked to take the responsibility for energy planning.
1986 - Comprehensive energy planning at the Department of Energy was not 
concluded up to this date. The Plan and Budget Organization was asked to 
prepare a comprehensive energy plan.
1990 - The Energy Commission was established as a technical committee of the
National Council for Scientific Research.
1991 - The Energy Commission tried to review the major issues of energy studies.
1992 - The Institute for International Energy Studies started its activities in the 
Ministry of Petroleum.
1992 - The Deputy Minister of Energy and Iran's Energy Studies Center started to 
increase their activities in the Ministry of Energy.
1994 - The World Bank report suggested three agencies should be opened;
a. The Energy Conservation Unit of the Ministry of Energy (ECU);
b. The Energy Conservation Management Center (ECMC);
c. Energy Conservation Fund (ECF).
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4.10: Obstacles to the achievement of energy efficiency in Iran
• The infrastructure to formulate and to implement an energy saving policy 
strategy is not yet in place.
• At the energy policy formulating level, until recently, there was no awareness of 
the need to save energy. Energy resources were considered as plentiful and 
policy attention focused exclusively on the provision of adequate supplies and of 
the satisfaction of social considerations in energy supply.
• Domestic energy prices are very low and, at this level, energy saving 
investments are financially unattractive and consumers feel no revenue pressure 
to save on energy.
• As a result of pricing policy, there is a huge awareness gap concerning the need 
and the available means to save energy.
• Up to 1992 there were no newspaper articles, nor radio nor TV debates on the 
issue of energy saving in Iran.
• There is at present little manufacturing capacity available in the country for 
production of energy saving equipment and material. A glass wool factory exists 
in Iran operating below its capacity because of a lack of demand for its 
production of insulating materials.
• Responsibility for the formulation of energy sector policy is divided between 
the Ministry of Energy (power, solid fuels and energy plan), the Ministry of 
Petroleum (oil and natural gas), the Ministry of Jihad (rural energy) and the Plan 
and Budget Organization (sector investments and prices). Co-ordination within 
the same ministry between different departments is also inadequate.
Energy conservation in industry, transportation and mining and also employment 
and environmental aspects of energy conservation will be discussed in detail in the 
following chapters.
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Energy Conservation in Industry
In this chapter energy conservation in industry in general will be studied. Then the 
energy consumption of factories of the Nationalized Industries Organization of Iran will be 
discussed. Finally, the possibilities of energy conservation in Cement and Glass industries 
for the case of Iran will be mentioned.
5.1: General Aspects of Energy Conservation in Industry
Manufacturing accounts for around 40% of final energy consumption in the world. 
In OECD countries, its share of final energy use declined from 35% to 30% between 1973 
and 1988 due to rising consumption in other sectors and decline in manufacturing. 
Manufacturing plays a more important role outside the OECD countries, however, 
accounting for approximately 40% of energy consumption for former Soviet Union, 60% in
China, and 35 - 45% in other LDCs.
After 1973 and 1979 oil price increases, a lot of energy conservation measures were
carried out in industry in the OECD countries. These efforts declined after 1986 when
international oil prices declined. The changes in the OECD manufacturing energy use,
and value added for 1973-88 are shown in Table 5.1. The manufacturing
value added in the OECD-8 rose at an average rate of 2.3% per year for this period.
[181Despite the growth in activity, energy use fell by 1.2% per year.
The energy use per unit of production for different items is not the same in the
OECD countries. For example in the early 80s, a study showed that the USA used more
energy to produce a tonne of paper than to make a tonne of steel. The pulp and paper
industry of the USA would have to reduce its energy consumption by nearly 60% to match 
[191that of Germany.
In the U.K. the potential for conservation in industry has been assessed through a 
number of government sponsored studies, in particular the Industrial Energy Thrift 
Scheme, and the Energy Audit Scheme, in 1984. From the results of these studies, the 
average long term technical potential for energy conservation in industry was 30%. The
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mpotential for different industrial sectors of the U.K. industries is shown in Table 5.2 
The projections of average energy consumed per unit of production in 2010 compared with
1975 for U.S. industry is shown in Table 5.3. [24]
Energy use Value added
United States -13 52
Japan -10 64
Europe - 6 -25 14
West Germany -20 18
United Kingdom -36 2
France -25 18
Norway 0 6
Sweden -11 20
Denmark -20 25
OECD - 8 -16 41
Table 5.1: Changes in OECD manufacturing energy use, value added
1973-1988 (total % change)
Industrial sector Long-term technical potential (%)
Petroleum 30
Cokemaking 10
Iron & Steel 35
Iron castings 20
Non-ferrous metals 60
Bricks and refractories 37
Potteries 33
Cement 44
Glass 30
Chemicals 30
Food & Drink 30
Textiles 25
Paper and Board 20
Average = 30
Table 5.2: The long-term technical potential for improved energy efficiency in some
energy-intensive UK industries ^
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Type Intensity **
Agriculture 0.85
Aluminum 0.55
Cement 0.60
Chemicals 0.74 ***
Construction 0.58
Food 0.66
Glass 0.69
Iron and steel 0.72
Paper 0.64
Other industry 0.57
* Assumes that energy prices will quadruple by 2010 and that the government will
institute an energy conservation program aimed at maximum efficiency with minor
lifestyle changes.
* * Average energy per unit production in 2010 compared with 1975.
*** Excluding feedstock.
Table 5.3 Projections of Average Energy Consumed ner Unit of Production in 2010
Compared with 1975*. ^
There are two important factors in energy conservation in industry which are 
management and technology. Good management will lead to good technology. Poor 
energy saving implementation in the developing countries has been the result of poor 
management rather than poor technology. The developing countries could succeed in 
energy saving to some extent by better management of existing technology. To solve 
this problem, developing countries should study the practices of developed countries in this 
field since 1973 and adopt the successful policies.
The industrialized countries have laws and regulations about energy. For example
"energy management law" was enacted in 1951 in Japan and was revised in 1979. Study of
1211these laws is recommended for developing countries.
5.1.1 The role of energy manager
Energy Conservation is only possible if  there is genuine commitment at the top. A 
company that is seriously considering implementing energy saving strategies needs an 
energy manager. The energy manager can emerge from almost any background. Most 
seem to have one of the engineering disciplines as their foundation but this is not essential. 
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Therefore it is generally agreed that the formal qualifications are not particularly important.
An inquiring mind, the tenacity to get to the roots of causes of waste and the ability to
1231generate and sustain enthusiasm at all levels are the main requirements. In the cases of
larger and more complex use of energy, the more likely it is that the energy manager will 
benefit firom an engineering or scientific training that will enable him/her to fiilly 
appreciate the significance of energy conversion and utilization processes.
The energy manager must be a good communicator and a good administrator able to 
correlate factual data and information on energy matters, usage and equipment. Without 
such information there is no Jframework within which to manage, take decisions and justify 
expenditure. The energy manager will need to be broad minded and prepared to consider 
and examine all possibilities, and he must also be able to prepare clear, interesting and 
concise reports.
The energy manager should develop and maintain an energy accounting or audit 
system. All data collected must be useful, enabling meaningful comparisons to be made 
and realistic targets set, as well as indicating the main points of energy use. A continuing 
energy audit is usually desirable to monitor consumption and cost trends and to provide 
hard facts on which future planning can be based.
The energy manager should examine, appraise, and advise upon any legislative and 
regulatory measures relating to energy and assess the possible impact on the organization's 
products and activities. He should also advise upon government funding and other schemes 
applicable to the organisation.
An early priority for the energy manager is to produce an overall programme of 
action. In the development of an energy management programme, health and environment 
should be carefully monitored. Closer control and better maintenance of plant in order to 
effect energy saving usually raise safety standards.
Another important part of the programme is the employee motivation. The energy 
manager must sustain the interest of all employees and in order to do so, he must properly 
understand their fundamental needs. He must re-assure them and make them believe that 
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their health, safety, and comfort will not be jeopardized in the energy saving process. Use
1231of posters, stickers, slogans, tee-shirts and so on have proved popular and effective.
Awards for energy saving suggestions should be approached with some caution. 
The managers and supervisors in the factories should reduce the operating costs. This is a 
part of their job and they are already paid for it. Awards should be reserved for novel 
practical solutions to long standing problems and for extra personal efforts to implement 
saving plans or meet targets.
Energy conservation should be included as a topic in preliminary training courses 
for all employees. For those actually in charge of energy plant, specific training should be 
given. Training seminars are very productive providing they are properly organised and 
planned. In arranging these, energy managerrshould endeavour to use films and visual aids 
as much as possible.
5.1.2 Energy audit
One of the first duties of anyone responsible for managing an organisation's energy 
should be to complete simple data on it, beginning with the amount and cost of purchased 
fuel and power, and its use in various departments or applications. Doing this on a regular 
and continuing basis is the start of energy auditing.
Overall consumption, costs and the relative proportions of various forms of energy
can conveniently be shown by "bar" and "pie" diagrams. Simple graphs and charts can be
used to monitor consumption and price trends. When sufficient data become available a
1251whole energy system can be presented by means of a Sankey diagram. The flow of
energy in each part being proportional to the width of the appropriate band on the diagram. 
Sankey diagrams show the relative importance of various energy sources, end-uses, and 
waste.^nergy balance for Iran shown in Fig. 2.1 is a form of Sankey diagram.
Energy audit has different levels. In-depth audits require a detailed analysis of 
energy flows and balances within each industrial enterprise. They can require several 
months per plant and are often used for large steel, chemical, fertilizer, cement, refinery, 
and paper plants.
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General audits, which include the preparation of plant energy balances, are 
appropriate for facilities with a simpler energy use pattern. This type of audit is often 
sufficient for most medium size facilities in food, textile, construction materials, and 
similar industries. General audits may take a few weeks. Ÿ
Brief audits, or plant surveys, collect essential data through a basic energy 
accounting of the total fuel and electricity consumed for a given period, generally a year. 
Relevant data are collected to permit the estimation of relative plant performance regarding 
energy consumption and efficiency. These audits often take a few days and are typically
used for small and medium-sized plants.
5.1.3 Common items in industrial plant energy conservation
The common items of plant good housekeeping in an industrial organisation are the 
following:
5.1.3.1 Air conditioning and plant buildings
The heating, ventilating, and air conditioning system (HVAC) is the system of 
motors, ducts, fans, controls, and heat exchange units which delivers heated or cooled air to 
various parts of a building and exhausts the air from conditioned spaces. Air absorbs heat 
from lights, people, industrial processes, and the sun, and air conditioning removes the 
excess heat in order to provide a comfortable working environment. This system also adds 
heat if the working environment is too cold for worker comfort. Other conditions that 
necessitate air conditioning include contaminants in the air and excess humidity; it may 
also be necessary to air-condition an area to meet unusual requirements (such as those in a 
laboratory or a clean room) or to protect products.
There are many kinds of HVAC systems, depending on the fluid that is used as a 
heat exchange medium (usually water or air), on the particular requirements for the system, 
and on the type of system in style when the building was originally built. All HVAC 
systems have certain components in common: a source of heat, means for transferring the 
heat from the point of generation to the point of use, and a control system. The source of 
heat is usually a boiler, a furnace, or the sun. If cooling is used, the source of cold 
temperature is usually a chiller. The heat or cold is transferred from a furnace, a boiler, or
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a chiller to air, and this air is distributed to points of use. An alternative system may
distribute hot water to the points of use where it warms up air to be blown into the room. 
The control system may be as simple as a thermostat that turns on a fixmace when it senses 
room temperature below a preset level, or it may be very elaborate, controlling air volume, 
humidity, and temperature through monitoring inputs from many sensors and activating 
valves, motors, and dampers.
Windows are very important in buildings. ' The U-value o f a single glass is
nearly twice of a double glass with air. Coating for windows in the form of an adhesive
film can transmit visible radiation with only a very slight loss, but cuts solar heating during
1 2 7 1summer by over 75 percent.
Thermal insulation of buildings can save energy. Some countries have laws for 
supporting insulation. For example this has been encouraged in England by provision in 
the 1975 Finance Act, which provides 100 percent first year allowance for expenditure 
incurred on adding insulation against loss of heat to an existing building. This covers 
installation and material costs, for roof lining, double glazing, etc. Also covered are
1271devices for preventing heat loss from loading bays and doors.
The control of the air conditioning system is most important both from the point of
view of ensuring satisfactory conditions and the efficient use of energy throughout the
building. Some buildings use computers for their air conditioning system. One survey in
the U.S. shows that a building that used a computer system for controlling air conditioning
used 42 percent less energy per square meter, compared to thirteen buildings which
\TT\did not have computer systems*
Air changes more than necessary generally result in undesirable heat losses. Each 
hourly change is equivalent to a loss of 0.33 Wm’^  for every IK temperature difference 
between inside and outside air temperature. Even if heat recovery from the exhaust air is 
employed, over ventilation is still wasteful. In industrial buildings where no fumes or dust 
are produced, one air change per hour is often sufficient. Heat losses are also higher, even 
in well insulated draught proofed buildings when floor to ceiling temperature gradients are
.  u- u [23] too high.
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5.1.3.2 Boilers
Boilers are the most widely used items of energy conversion plant. Boilers vary 
from simple low pressure vessels to provide hot water to advanced designs for high 
pressure steam. In addition, various firing methods are employed, to match the fuels 
available.
Steam produced in boilers is then used to generate electricity or distributed to 
provide comfort or process heat. Many significant opportunities for energy cost reduction 
can be found in a good technical examination of these steam generation and distribution 
systems. Such an example first gives an estimate of the amount of energy coming into a 
facility and how it leaves. These estimates then provide a guide to possible waste heat 
utilization and can be used to evaluate insulation possibilities.
In a boiler system leaks should be repaired as soon as possible, and steam trap 
operation regularly checked. The use of storage tanks to receive hot water during off-peak 
operation can assist in energy conservation.
If  the boiler provides both process heat and space heating services, it is likely to be
producing a comparatively small steam load during summer months, hence operating at
low efficiency. Selection of smaller package boilers for each duty can be economically
advantageous. Boilers can use oil, coal, or natural gas as their source of energy. If  an oil-
fired boiler has an efficiency of 75%, approximately 18% is for flue gas losses, 4% for
F281radiation, and 3% for blowdown losses.
One of the first things to check in order to reduce flue gas losses is the fuel to air
ratio. To achieve a high thermal efficiency, the amount of combustion air required should
be limited to that necessary. If  the air rate is too high the loss of heat to the flue will
increase, and if the air rate is too low a proportion of the fuel will be unburned. In both
cases the running cost will increase. Therefore the flue gases leaving the boiler should be
tested to make sure that the fuel to air ratio is correct. / Other things important in flue gas
testing are temperature and carbon dioxide and oxygen concentration. Heat recovery from
boiler flue gases can save ten percent of the boiler fuel input, even when stack
127]temperatures are comparatively low.
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Radiation losses refers to heat loss from the surface of the boiler. It is better 
defined as radiation and convection losses but the term radiation is normally used. Modem 
boilers have radiation loss of approximately one percent of the heat input at maximum 
rating. Boilers with old design and poor insulation conditions can have radiation losses as
u- u * .  [28]high as ten percent.
Blowdown is a necessary operation for boiler plant in order to maintain correct 
water conditions. The water fed into the boiler contains dissolved materials and as the 
water is evaporated into steam these are left to concentrate in the boiler. Above a certain 
level of concentration, these solids encourage foaming, and can lead to local overheating 
which damages the tubes. Therefore the level of concentration should be controlled by 
process of blowing down. It should be noticed that the quantity of blowdown should not 
exceed the minimum amount necessary, because anything in excess is a waste of energy. 
Another point to consider is that on average about fifty percent of this heat may be
recoverable.
5.1.3.3 Chimneys
Chimneys are used to conduct waste gases to a sufficient height where they can be
discharged to the atmosphere. A chimney can operate using natural draught, or it can be
forced or induced. If the top of the chimney is encrusted with tar, grit and other
contaminants, it can lose over fifty percent of its effective area, which affects the ability to
maintain a sufficient draught. If an increase in draught is required, raising the height of the
chimney can improve performance. Up to twenty five percent of the heat in the system can
be dissipated up the flue in a poor natural draught installation. If the chimney top is caked
and the inside of the stack contaminated, heat losses can be fifty percent greater than when
1271the natural draught system is properly maintained.
5.1.3.4 Compressed air
Approximately ten percent of all electrical energy used in industry in the UK is 
employed in compressing air. Therefore there is a large potential for energy saving in this 
sector. Substantial proportion of the electrical energy supplied to the shaft of the air 
compressor appears as heat in the oil or air coolers, much of which is recoverable. Air
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compressors should be sited near points of large demand, short pipe runs will reduce both
capital and running costs.
Cooling the air prior to the compressor can improve the efficiency of the 
compressor set. This cooling increases the amount of air delivered, which could be used to 
meet an increased demand, or the size of the compressor set could be reduced, leading to 
reduced energy costs.
Another major opportunity to save energy is the prevention of leaks in the 
compressed air system./ Leaks frequently occur at air receiver relief valves, pipe and hose 
joints, tools and equipment. The expenditure on sealing leaks could be easily recovered in 
energy savings.
If the system would function satisfactorily at lower pressure, the use of higher 
pressures should be prevented. This can save energy too.
13115.1.3.5 Economic use of electricity
Electricity is extremely flexible in the ways it can be used. It can provide lighting, 
heating, refrigeration in the domestic sector; air conditioning and lifts in commercial 
buildings; and many industrial processes such as metal melting, and driving all types of 
rotating machinery.
The cost of generating and distributing electricity varies considerably with the time 
of day and season of the year. It should be noticed that electricity can not be stored 
economically in significant quantities like oil, coal and gas. One of the important factors in 
electricity expense calculation is maximum demand. Normally, maximum demand is 
regarded as twice the number of kilowatt hours consumed during any half hour. Therefore 
one of the steps to reduce the cost of electricity is the development of a more uniform load, 
to minimise maximum demand charges.
Part of the current required for alternating current machinery is used to provide the 
magnetic field for the motor and it produces no direct mechanical work. Similar wattless, 
idle, or reactive currents occurs in transformers and chokes. True power is measured in 
watts (W). The apparent power is measured in voltamps (VA). The reactive power is
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measured in voltamps reactive (VAr). The ratio of true power to apparent power is known
as the power factor. This relationship is shown in Fig. 5.1. By increasing the power factor, 
electricity cost will be reduced.
kVA (Apparent power)
kW (True power)
kVAr
(Reactive
power)
COS 6  -  power factor =  power (kW)-----Apparent power (kVA)
1311Fig. 5.1: True, reactive, and apparent power relationship
Another important factor in electricity consumption is load factor which is defined 
as the ratio of average demand to maximum demand. Fig. 5.2 shows the electrical demand 
averaged out over half hour periods of a process plant. By moving the loads to periods of 
low demand, the amount of energy used and hence the average demand may stay the same, 
but the maximum demand will be reduced and the load factor will be improved. This is 
shown in Fig. 5.3. The load factor for the load shown in Fig. 5.2 was 60%, but in the case 
of Fig. 5.3 it has been increased to 80%.
1
□1 2 3 4 5 6 7 e 9 10 11 12 13 14 15 16 17 18
Time Periods
Fig. 5.2 Load profile without load factor control - Load Factor 60% [31]
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Fig, 5.3 Load profile with load factor control - Load Factor 80% [31]
5.1.3.6 Electric motors
The electric motor is probably the most widely used piece of electrical equipment in 
industry, accounting for on average 65% of total electricity consumption in industry in 
U.K. [31] Efficiency of the electric motors increases with size. Table 5.4 lists the 
efficiency values for some typical integral AC-Polyphase motors in the 1 - 100 hp category 
which are available commercially .
hp Category M otor Efficiency (%)
Worst Average Best
1 68.0 73.0 78.0
5 78.0 80.0 81.5
10 81.0 85.0 88.0
50 88.5 90.0 92.0
100 90.5 91.5 92.5
Table 5.4 Efficiency of motors (Integral hp AC-Polyphase motors) [32]
The variation of efficiency and power factor with % change of the full load is 
shown in Fig. 5.4. Typically efficiency is reasonably constant down to 75% full load and 
may lose approximately 5 percentage points down to 50%. Thereafter, the efficiency and
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power factor starts to fall rapidly. TPhe&pacitors can be used to improve the power factor.
They require negligible maintenance and have no running costs but the cost of installing 
them and the payback period needs careful analysis.
10
Efficiency
0.8
0.6
Power factor
£ 04
,0.2
10020 60 800 40
% full load
Figure 5.4: Effect of load on the efïîciency and power factor of a typical 
15 kW 3-phase cage motor at 1500 rev/min.
Motor idling is a very common feature of industrial usage. Compressors, 
conveyors, lathes, and machine tools in general, as well as production lines themselves, are 
commonly left on when there is no actual work being done. Depending on circumstances, 
up to 50% full load current may be taken by motors when no real work is being done.
1311Therefore reducing the motor idling time can save energy.
5.1.3,7 Fuel handling and additives
Fuel oil needs to be heated for handling and storage purposes, but heating the oil in 
tanks and pipes above the temperature needed for storage and handling should be avoided 
as this wastes energy. Table 5.5 shows the recommended storage and handling 
temperatures for different grades of fuel oil.
Grade of fuel BS 2869 : 1983 
Classification
Minimum temperatures
Storage Handling
Light fuel oil Class E 10 °C 10 °C
Medium fuel oil Class F 25 °C 30 °C
Heavy fuel oil Class G 40 '"C 50 °C
Table 5.5: Recommended storage and handling temperature [28]
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All tanks and oil pipes in the open should be insulated and weather-proofed. A 50
mm of lagging is economical for oil storage tanks and very little extra heat will be required
to maintain the recommended storage temperature. The payback period for this lagging is
1281expected to be between one to two years.
Fuel additives are offered by a number of companies for use in fuel oil burners in
boilers, fiimaces and other process equipment. These additives can overcome a wide
variety of problems, leading to improved combustion efficiency, lower maintenance costs
and reduced pollution. A typical cost for fuel additives is approximately 0.05 pence per
litre of fuel oil treated. This is only a very small proportion of the total fuel cost, and a fuel
1271additive can be regarded as a good investment.
5.1.3.8 Insulation
Thermal insulation is necessary in factories, because not only it saves energy, it 
is advisable for safety reasons too. Where there is possibility of operatives coming into 
contact with hot or very cold surfaces, protection should be given to prevent possible injury 
or shock. There is another reason for insulation and that is the possibility of fire risk where 
combustible materials are in the proximity of hot surfaces.
Calculation o f insulation thickness is important. Increasing the thickness will 
reduce the cost of heat lost, but will increase the cost of insulation. There is a point of 
minimum cost. Therefore the thickness for that point should be found.
The minimum recommended value for rate of heat loss (TJ' value in buildings) is
0.7 W/ml K. For the case of an uninsulated factory with single skin corrugated roof, and
2. 1 an area of 1 000 ni , the rate of heat loss is 6.7 W/m. K. Considering the average external
temperature being 7 °C, and the required internal temperature be 18 °C. The building is
heated by an oil burner operating at 75 per cent efficiency for 5 500 hours over a heating
season, and the cost of oil is 14 pence per litre. The cost of heat loss through the opaque
part of the roof for this factor would be approximately £6 680 per heating season. If
7 W 
[33]
insulation is applied to improve the TJ' value to 0. /m K, the cost of heat loss is
reduced to £700, and £5980 savings will be achieved.
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Insulation of hot pipes leads to considerable energy saving. In the case of a 100 m 
uninsulated pipe with 50 mm bore carrying process steam at 100 °C, the heat loss would 
cost £3 000 per annum if the steam was produced by a gas boiler with a gas cost 
Ip/kWh. I f  the pipe was insulated with a 50 mm thick layer of appropriate insuiatiori, the 
^^t could be reduced to £250 per annum, and £2 750 saving would be achieved. The 
saving can increase more as the temperature of the process fluid increases. If  the hot fluid 
was at 200 °C, the cost of uninsulated pipe would be around £10 000 per annum. This cost 
could be reduced to £560 per annum with £9 440 saving, if a 75 mm thick layer of
insulation were used.
In the case of high temperature pipework usually some form of insulation is
used, but low temperature small bore pipes are often neglected. The insulation of these
pipes payback in less than two years. The payback periods for 25 mm thick insulation on
15 mm pipe in a gas fired domestic heating installation, for which the operating
temperature would be typically 60 - 70 °C is shown in Table 5.6. It is assumed that the
1341total cost for installation of the insulation is £2 per metre.
Number of operating hours Payback period (years)
1000 2
2000 1
3000 0.7
4000 0.5
Table 5.6 The payback period for insulation 
on domestic central heating pipework
Valves and flanges are often left uninsulated for maintenance reasons. An
uninsulated valve loses about the same amount of heat as one metre of uninsulated pipe of
the same diameter. A 50 mm valve carrying process steam at 200 °C would cost £100 per
annum without insulation, but with appropriate insulation the cost would be only £6 per 
[33]annum.
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5.1.3.9 Furnaces
Furnaces consume enormous quantities of energy. As a by-product, high grade heat
is available for many industrial uses. As such, they deserve special attention in terms o^
energy savings; approximately £100 million worth of energy is lost in the UK due to
1271" imace waste heat each year. The following discussion examines the main causes of 
this considerable loss.
Often, furnaces do not operate according to their design parameters. The failure to 
optimize furnace performance translates into significant losses. Air flow and stack 
temperature are two such parameters that require constant attention. By implementing a 
monitoring programme, operators would be assured of an efficient furnace that can be run 
according to design.
Waste heat production would be reduced if furnaces had proper insulation that was 
well installed. For example, a brick walled furnace, nominally 230 mm thick, would lose 
5 300 W/in^ at an internal temperature of 1 100 °C without insulation. By adding an 
insulating layer, nominally 100 mm thick, the losses become 1 200 W/m^' If the 
insulation's thickness increases to 200 mm, the losses fall to 660 W/m^. Currently, low
thermal mass refractories promise the best insulation. These ceramic fibres come in 
various forms, from wool to blankets.
Many pieces of equipment that interact with the furnace contribute to the overall 
energy losses. For example, conveyors drain heat from furnaces as they pass through them, 
requiring re-heating every time. Pre-heating and insulating techniques will help to lessen 
such losses. Finally, the heat losses can be recaptured by the plant for use in other areas. 
Considerable attention is devoted to heat recovery systems but such systems will be 
discussed in a later section.
5.1.3.10 Lighting
Lighting provides a workplace with myriad benefits. Of those benefits, safety and 
the psychological well-being of the workers are most prominent. For a happy, productive 
workforce, a workspace must be well-lit.
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However, lighting contributes significantly to the overall energy costs. In the UK,
15% of electricity consumption is due to lighting. Moreover, it is estimated that the £1 200
million spent on electricity for lighting could be reduced to £950 million if more efficient
[ 3 6 ]practices were employed.
When evaluating the many lighting choices available to industry, capital costs 
(equipment and installation) must be considered as well as operating costs (maintenance 
and electricity). Still, operating costs should figure more prominently. To illustrate this 
point, consider a 240 volt, 100 watt tungsten filament lamp. It costs 45 pence to buy it, but
over a life o f 1 000 hours it will incur electrical costs of £5.50.
Various lighting equipment have different lumens per watt, or efficacy. This is 
shown in Fig. 5.5.
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Fig. 5.5 Relative efficacies of lamp sources [ 2 7 ]
To demonstrate the impact of the relative efficacy that various lighting equipment 
have, consider the comparison of High Pressure Sodium lamps (HP-Na) versus High 
Pressure Mercury (HP-Hg) shown in Table 5.7. By choosing the more expensive lamp, a 
savings of 40 cents per dollar is realized.
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For every dollar spent on lighting:
HP-Na ($) HP-Hg ($)
Energy 0.32 0.69
Lamps 0.085 0.07
Maintenance 0.015 0.02
Lighting equipment 0.1 0.12
Installation 0.08 0.10
Savings 0.4 0
Table 5.7: Breakdown of lighting cost for High Pressure Sodium or Mercury [36]
However, to generate full savings, an appropriate maintenance programme is 
required. Planned maintenance, including lamp cleaning and replacement, would permit 
the use of lamps with lower light loss factors. Group replacements of lamps should occur 
at a time planned to coincide with some significant hurdle on the lamp's light depreciation 
curve (which manufacturers provide). For example, lamps could be replaced when the cost 
of wasted energy equals the lamp replacement cost.
A final approach to energy savings and lighting is the use of automatic controls. 
There are three principal types of automatic controls: photoelectric; time; and mixed 
control systems. Photoelectric controls employ photoelectric sensors which allow the 
lighting system only to compensate for daylight (i.e. where daylight is sufficient, no 
lighting is provided). Dimming control or "row-specific" controls provide similar benefits.
Time controls allow a lighting system to operate on a fixed schedule. For example, 
if  a workplace goes unoccupied after a time, then the lighting can be automatically 
switched off at that time. Such a system has the flexibility to accommodate security 
requirements and local override of the time controls.
Mixed control systems provide the benefits of the two other systems: responsive to 
daylight supply and operating on a fixed schedule. Moreover, it can accommodate local 
override for "off-hour" lighting. It has been shown that such systems carry payback periods
of 1.5 to 2 years.
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Optimal savings in lighting occur when thoughtfiil equipment choices, proper 
maintenance, and automatic controls are used concurrently.
5.1.3.11 Refrigeration
Industrial applications of refrigeration systems are numerous; they serve industry in 
food retail, air conditioning and general cooling purposes.
Refrigeration costs important amounts of money and the degree of coolness 
required impacts the cost directly. Fig. 5.6 displays the relationship between the desired 
amount of refrigeration (expressed as "evaporating temperature") and cooling costs. The 
circuit capitalizes on the phenomenon that a liquid evaporates at different temperatures 
under different pressures.
The liquid (that is, refrigerant) enters the evaporator at a low pressure. There, it 
absorbs the enthalpy o f evaporation of desired refr"igerated mass (e.g., air in the refrigerated 
compartment) and evaporates. Then as a low pressure gas, it proceeds to a compressor 
typically run by an electric motor, where it is compressed to a higher pressure.
I
Ï Ï 0 .2 -
0 . 1-
- 3 0  - 2 0  - 1 0
EVAPORATING TEMPERATURE °C
Fig. 5.6: The cost of cold [37]
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The hot, high pressure, gas enters the condenser where it reduces to the saturation 
temperature and condenses. As it changes from gas to liquid it gives up to the
surroundings the energy which it acquired in the evaporator and compressor.
As a high pressure liquid it moves through an expansion valve which lowers the 
pressure so that the saturation temperature is below that of the cold space so that energy is 
transferred from this space to evaporate the refrigerant.
In 1990, the UK Department of Energy conducted a market survey which concluded
that a 25% cost savings may be easily achieved through more efficient refrigeration
[37]practices.
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[4015.1.3.12 Waste heat recovery
Since many processes that require heat generate unused or waste heat, the potential 
for savings exists. Heat recovery systems aim to draw waste heat from one process and 
apply it to another process.
The cost benefits of heat recovery have been demonstrated many times before. 
However, optimum return on investment comes only when the correct system is chosen for 
the particular need. To choose equipment correctly, attention must be placed on the quality 
and quantity of heat lost as well as plant needs for further heating. It should be noted that 
there must be a use for the recovered energy at an appropriate temperature and quantity. 
When the correct system is chosen for a particular need, then the waste heat recovery 
system can be employed.
The quality of heat loss refers to the temperature at which the process exhausts the 
waste heat. Typically, the higher the temperature is, the higher the quality and shorter the 
payback period are. But the quantity of waste heat available is important to assess before 
implementing a heat recovery plan.
Heat recovery systems vary in kind but perform one basic task: to recover waste 
heat from one medium and transfer it to another medium. The following list offers a 
glimpse into the various heat recovery options:
• Shell and tube exchangers
• Plate type heat exchangers
• Run round coil system
• Heat wheels
• Heat pipes
• Heat pumps
These devices may be used in one or more of the following applications:
• Economisers
• Recuperators
• Regenerators
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Shell and tube heat exchangers
This very common heat exchanger finds many uses in the chemical and oil 
industries for heat exchange between two fluids. However, the principle works for gases as 
well.
Simply, a cold fluid runs through a shell within which lie tubes. Through the tubes 
runs hot fluid, counter-current to the cold fluid. As they flow past one another, the heat 
transfers fi*om one fluid to the other.
Variations on this system exist, depending on special needs or particular properties 
of the fluids that may prevent the exchanger from working properly.
Plate type heat exchangers
This heat exchanger permits more efficient exchange through increased surface area 
contact between the fluids and the exchange medium (i.e., a plate). The system contains a 
series of thin plates, arranged in parallel and separated by gaskets. The hot fluid runs along 
alternating plates while the cold fluid runs on the plates in between those hot ones. The 
close spacing permits efficient heat exchange.
Such exchangers find applications in evaporation plants, pasteurisation, dye 
effluents, flue gases, and brew kettles.
Run round coil system
This system has the benefit of being simple, cheap, and effective for exchange 
between two streams spaced some distance apart.
The hot stream and cold stream are joined by heat exchanger coils through which 
some third fluid (e.g., water) circulates continuously. The circulating fluid by the hot 
stream draws the heat and travels to the cold stream where it supplies the heat. Then it 
returns to the hot stream to begin the cycle again.
These systems are used for paint drying ovens and spray paint booths, air dryer 
regeneration, ' , and drying processes.
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Economisers
These heat recovery systems have been particularly useful for boiler applications, 
but can be applied to any instance where hot flue gas can be drawn to heat water or raise 
steam.
As the waste heat from a boiler flows towards the chimney, it passes a coiled tube 
through which water flows. Thus the water is heated.
F381Economisers provide energy savings of 5% for typical boilers , and have created
F391energy savings of 10% in the less efficient Lancashire Boiler.
Recuperators
Recuperators exchange heat generally from flue gases to air. In its most simple 
form, the air to be heated flows through a pipe encased by a large tube through which the 
hot waste gases flow. The inner-pipe is made of metal except under special circumstances 
in which high temperature ceramics are used.
These systems are not suited for intermittent use, rather continuous heat exchange 
processes.
Regenerators
Here, heat exchange occurs in an alternating fashion. Hot exhaust air flows past a 
matrix of metal or ceramic which absorbs the heat. Then, the hot air flow is stopped and a 
flow of cold air is allowed to pass the matrix which transfers the heat to the cold air. 
Regenerators are applied in numerous industries.
Heat wheels
Heat wheels are a variation on the regeneration principle. Variations on this system 
include a rotary regenerator which rotates continuously with the lower half in the hot air 
duct and the upper half in the cold air duct. As the lower half rotates into the cold air duct, 
it transfers the heat from the hot air to the cold air.
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Heat pipes
Heat pipes permit transfer of waste heat from one location to another. Basically, 
heat pipes are self-contained evaporation and condensation units consisting of a sealed pipe 
filled with a working fluid. Along the inner perimeter, a metal mesh wick is fastened. The 
working fluid absorbs waste heat from one end of the pipe, evaporates and travels as a 
vapour to the other end. At this other end, the vapour transfers its heat to some other 
industrial process and condenses. In liquid state, the fluid returns to the evaporation end of 
the pipe via the metal mesh wick.
At one paper mill, continuous operation of these pipes led to a payback period of 6 
months.
Heat pumps
A recent addition to the list of waste-heat recovery systems, heat pumps operate on 
the same principles as refrigeration units: drawing heat from a source at low temperature 
and releasing it at a high temperature.
A working fluid absorbs heat, at a low temperature and low pressure, and then 
evaporates. Passing through a compressor it becomes a high pressure gas and condenses, 
thus releasing the energy it had absorbed. From the condenser, it undergoes a relief of 
pressure as it passes through an expansion valve. Then, it returns to the evaporator to 
repeat the cycle.
Such pumps prove most useful when taking heat from effluent streams (e.g., at a 
temperature of 30 °C) and upgrading the heat for office heating. For example, a plastics 
factory chills water that cools the injection-moulding casts using a heat pump. The heat 
taken from the water heats the factory.
5.1.4 Combined heat and power
In industry, power is used in a variety of forms for a variety of uses. Typically, a 
plant purchases fuel for a boiler and electricity from a power plant. However, individually, 
both sources of power have considerable losses associated with them and thereby increase 
energy costs. By combining the two sources into one CHP plant (combined heat and power
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plant) factories can incur savings of 20% to 40%. The savings are illustrated in Fig. 5.8.
[41]
The CHP plant, quite simply, is an engine driving an electric generator, a heat 
recovery system and water tube boiler. Heat generated by the engine is recovered and 
applied to steam generation or heating.
The CHP concept is not a new or revolutionary one; in the 1960s, 20% of power 
used in the Netherlands was CHP-generated. However, due to abundant supplies of
natural gas, this figure fell to 7% in 1977.
CHP systems regained attention after the energy crisis of the 1970s and the 
development of small reliable engines with digital controls.
Currently, CHP systems fall into two broad categories: small-scale CHP units and
large-scale ones. A small-scale system has a generating capacity between 50 kWe and
[4211 000 kWe. A large-scale system generates more than 1 000 kWe.
For small-scale CHP systems, the following costs are associated. On average, 
capital costs are $1 000 US per kWe. However, a capital cost range of $707/kWe to 
$1200/kWe is possible. Operating costs vary fi-om $0.1 to $0.2 per kWh. Maintenance
costs add $0,006 per kWh to $0,008 per kWh.
The overall efficiencies of CHP units compare favourably to boilers. Fig. 5.9 
displays a typical heat balance for a CHP unit. As shown in Fig. 5.9, 37.2% of the fuel is 
spent on the mechanical process while 62.8% is spent on thermal energy generation. Of the 
energy produced, 35.6% is electrical energy and 51.8% is thermal energy. The remaining 
12.6% is lost to radiation (5.0%), exhaust gas (6.0%), and the generator (1.6%). This
results in a total efficiency of 87.4%.
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Fig. 5.9 Sankey Diagram for a (460 kWe) CHP unit [42]
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In December of 1988, the Department of Energy in the UK released a study on the
British CHP experience. Some of its findings reveal the many positive benefits CHP units 
provide.
In 1988, 140 plants generated their own electricity. They produced 15.2 TWh per 
year with a capacity of 3 083 MWe. This represented 14.3% of industrial consumption of 
electricity and 5.3% of all electricity available. Of the 3 083 MWe capacity, 58% was
CHP-pIant based, (i.e., 1 793 MWe generating 8.7 TWh per year).
These private electrical generating plants were typically small (more than half the 
plants had capacities of less than 10 MWe). However, the larger plants, though a minority
in number, accounted for 66% of capacity and 72% of electricity generated.
The principal engine used for electrical generation was steam driven (80% of CHP 
systems). The remainder were combustion engine based.
In that study, it was forecast that by 1990, an additional 343 MWe of capacity 
would be CHP-based. Furthermore, yet another 325 MWe of capacity was anticipated for
1995.
The predicted growth in CHP systems results from their economic benefits, 
environmental benefits, and continued improvements in control technologies.
5.1.5 Energy efficiency targets and publications in U.K.
Energy Efficiency Office (EEC) was established in 1983. The target which was set 
by this office was an overall improvement in national energy efficiency of 20 per cent 
within 1 0 - 1 5  years, equivalent to a reduction in national energy expenditure of seven 
billion pounds at 1983 prices. The EEC calculated that 'normal' market forces might 
produce saving in energy of 5 040 million pounds per year (in 1983 prices) by 1995, 
leaving government programmes to stimulate the balance of 1 960 million pounds per year.
The savings which each sector should achieve are shown in Table 5.8.
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Sector Saving
(Million pounds, 1983 prices)
Domestic 1 900
Public sector 400
Industry/commerce 1 900
Transport 2 800
Table 5.8: The saving each sector should achieve (1983 - 1995)
Iron and steel production between 1986 and 1995 rose from 21.5 to 27.3 million 
tonnes. The energy use in this industry rose from 7 to 7.7 million tonnes oil equivalent. 
The increase in production was 26.3%, while the increase in fuel consumption was only
10%. Therefore the improved energy efficiency for this period was 14.8%. This is an
example of energy efficiency in British industrial sector, but it should be noticed that since 
1986 real energy prices have fallen, thus reducing market incentives.
After 1973, the British government has published many articles on energy 
conservation in industry, and has produced many good video-films. It is highly 
recommended that the developing countries study this material. A list of these publications 
are as following:
• Industrial Energy Thrift Scheme (51 Reports)
It covers majority of sectors in industry
• Energy Audit Series (21 Papers)
In different sectors of industry
• Fuel Efficiency Booklets (20 Booklets)
Reviews all the aspects of Good Housekeeping in industry
Energy Technology Support Unit (ETSU)
Best Practice Programme
Hundreds of energy conservation projects carried out in industry
ETSU Market Study Series (8 Reports)
In energy conservation in industry and building
Energy Efficiency Series (13 Reports)
Energy efficiency in industry and building
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5.1,6 Industrial energy conservation in developing countries
A majority of the developing countries have done something in energy conservation 
in industry. In this section, cases of Indonesia, Korea, and Philippines will be studied.
The case of Indonesia
In the late 1970s and early 1980s, it was remarked by Indonesian policy makers that 
its formidable oil reserves may be depleted by its fast-growing oil consumption. Therefore, 
the Indonesian Department of Mining and Energy put a 4-point policy in place. The main 
features are:
• Intensification (increasing exploration)
• Diversification (seeking alternate energy sources)
• Conservation
• Indexation (matching needs with sources). [46]
To promote energy conservation, Indonesian officials put in place a public 
campaign/educational programme, identified wasteful energy use and provided solutions, 
and implemented measures through directives and regulation.
In a study on energy use in industry, it was found that a 30% energy savings could
be achieved: 5% savings could be achieved without introducing further capital costs. This
study, conducted in 1982, pointed to three barriers to achieving these savings. One,
technical barriers prevent industry from precise control of its processes. Two, energy costs
impact the bottom line in such trivial ways, that it is difficult to draw attention to it. Three,
147]the government has both a plan and a goal, but no institution to put these into action.
The Indonesian government continues to investigate and promote energy conservation.
The Case of Korea
Korea's growth in this last half century has been remarkable; in the 1960s and 1970s 
Korean exports grew at an annual rate of 30%. However, Korea lacks the energy sources to 
fuel this enormous growth and relies on imports of products like coal and oil for 84.7% (in
1991) of its energy needs. Moreover, this figure is expected to rise to 89.5% by 2001.
Korea's reliance on foreign energy sources forced it to implement energy conservation
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measures such that it reduced its industrial energy use by 33% from 1970 to 1983. Korea
set as a target a 48% reduction in energy use from 1983 to 2001.
In order to achieve these savings, Korea has looked to introducing more efficient 
processes, promoting integrated energy supply systems (e.g., CHPs), changing the 
industrial structure to low energy intensity, and developing new technologies.
These four fields are managed by a network of organizations and institutions which 
coordinate the national energy policy. The Ministry of Energy and Resources uses 
legislative means to shape energy use. The Ministry of Science and Technology and the 
Korea Institute of Energy and Resources administrate and conduct research in energy 
conservation and technology. The Korea Energy Management Corporation provides 
technical and educational support to industry in terms of energy conservation.
The coordinated efforts of government and industry have yielded considerable 
success in energy conservation. Korea may provide other countries with a model on which
to base their respective energy conservation policies.
The Case of the Philippines
In the Philippines, the energy crisis of the early 1970s required of the government a 
re-thinking of energy conservation measures. As a result, the energy programme of the 
Philippines aimed to ensure an adequate energy supply, and use the energy in an efficient 
manner, and ensure the extraction and exploitation of energy resources be done in an 
environmentally sound manner.
As a consequence, the government introduced two organizations under the Ministry 
of Energy: the Bureau of Energy Development (BED) and the Bureau of Energy Utilization 
(BEU). The BED had the development of the country's energy resources as its principle 
aim. However, the BEU sought to regulate and monitor the distribution and use of such 
resources.
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The BEU developed an energy conservation programme which focused on energy
management, training and information dissemination. It requires of large energy 
consumers, quarterly consumption statistics and provides free energy audits to industry.
As well as these two organizations, the Enercon Movement and the Energy 
Management Association of the Philippines also promote energy conservation.
During the last two decades, a lot of work has been done in energy conservation in 
industry in developed and developing countries. But in I.R. Iran, apart from energy audit in 
the Nationalized Industries Organization, no real work has been done in this field before 
1992. Therefore, now is the time that this nation should start working seriously in this area 
too.
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5.2 Energy Consumption in Nationalized Industries Organization
In 1990 the energy consumption of all the factories in the Nationalized Industries 
Organization was 6.8 million barrels of oil equivalent, which is 7.4% of all energy 
consumed by the industrial sector in the country. This energy audit was carried out by 
Iran’s Research and Training Centre under the supervision of the author.
In 1992 the total number of factories in the Nationalized Industries Organization 
was 140 and the energy audit was carried out for all these factories. The total number of
workers was 85 272 of which 50% were related directly to production. The average 
working days in one month has been 22. The total production and sales values have been 
1313 and 1 247 billion Rials. The per capita production has been approximately 16 million 
Rials. The ratio of production to capacity was 66%.
The industries in this organization are divided into eight groups as follows:
Food industries
Textile and clothing industries
Wood and packaging industries
Shoes and leather industries
Chemical industries
Pharmaceutical industries
Building materials and cement industries
Electrical and domestic appliances industries.
Energy consumed in each factory may be divided into six major areas as follows:
• Production line
• Lighting and central heating and ventilation
• Generating losses
• Transportation
• Office buildings, laboratories, and services
• Other uses
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For total industries eight tables are produced, which are shown in tables AFl to 
AF8, and for each sector of industry three tables are produced.
The highest percentage of consumption of energy is for production lines with 
81.9%; lighting and central heating, and internal transportation are respectively next with 
14.1% and 2.3%. Generating sets and other consumption is 1.7%.
Nearly 50% of energy consumption of all industries is from natural gas and 30% 
from fuel oil. Electrical energy and gasoil represent 13.5% and 5% of total consumption. 
Gasoline, kerosene, and liquid gas consumption is only 1.3%.
Nearly 53% of total energy for industries is for building and cement industries. 
Textile, wood, and chemical industries consumption is 15.3, 14.2, and 9.7% respectively. 
The least consumption is for pharmaceutical industries which is 0.5%. Shoes and leather 
group consumption is 1.7% of total energy consumption.
Nearly 87% of electrical energy has been consumed in production lines. Electrical 
consumption of lighting and central heating has been 11.4%. Other consumption is very 
low.
80% of natural gas and liquid gas has been used in production lines. 19% of natural 
gas has been used in lighting and central heating and 13% of liquid gas has been used in 
office buildings, laboratories, and services. Natural gas and liquid gas had no use in 
transportation and generating sets. 9% of liquid gas has been used in other parts.
90% of fuel oil and 33% of gasoil have been used in production lines. 19% of 
gasoil and 7% of fuel oil have been used in lighting and central heating.
96% of gasoline and 35% of gasoil were used in transportation, and nearly 9% of 
gasoil consumption has been for generating sets.
Kerosene consumption for production lines; and lighting and central heating, has 
been 80% and 8%, respectively.
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5.2.1 Energy consumption in different industrial groups
Energy consumption of the eight different industrial groups is indicated in this 
section.
5.2.1.1 Food Industries
The total consumption of energy for food industries in 1990 was equal to 229 556 
barrels of oil. 52% was used for lighting, central heating and ventilation. Production line, 
other uses, and transportation consumed 32%, 10%, and 3.2%, respectively. The share of 
building offices, laboratories, and generating sets was 2.5%. The most important energy 
carriers for this group have been natural gas and electricity with 58% and 17% 
consumption. The values for fuel oil and gasoil were 12% and 11.5%, respectively.
Consumption of different types of fuel for different areas of consumption for food 
industries is as follows:
• Electricity consumption in production lines was 79% and for lighting and 
central heating, office buildings, and others was 17%, 3.8%, and 1% 
respectively.
Natural gas consumption in lighting and central heating was 83%, and for 
production lines, office building, and other uses was 2% and 15%, respectively.
Most of liquid gas with 52% consumption was used in production lines, office 
buildings, and others used 9% and 39% respectively.
90% of fuel oil and 36% of gasoil were used in production lines. Consumption 
of these two fuels in lighting and central heating was 10% and 4%. The rest of 
gasoil was used 20% in transport, 7% in generating sets and 5.5% in other uses.
73% of gasoline consumption was used in transport and 27% was used in other 
areas.
73% of kerosene was consumed in office buildings and 28% was used in other 
areas. (Tables AF 6, 9, 11)
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5.2.1.2 Textile and clothing industries
The total consumption of energy for textile industries in 1990 was equal to 
1 010 547 barrels of oil. 59% of this consumption was used for lighting, central heating 
and ventilation. The consumption of production line and the other four areas of 
consumption was 35% and 6% respectively.
The main energy carriers for the textile industry were natural gas 55%, electricity 
18%, fuel oil 16.5%, gasoil 9%. The percentage consumption of other fuels is not 
noticeable.
Consumption of different types of fuel for different areas of consumption for textile 
industries is as follows:
• Electricity consumption in production lines, lighting and central heating, and 
other uses was 81.7%, 16.3%, and 2% respectively.
• Natural gas was used only in production, lighting and central heating with 27% 
and 73% consumption. All the 100% of natural gas was used in office buildings 
and laboratories.
• 95% of gasoline was used in transportation, 4.5% in office buildings and 
laboratories and 1% in other uses.
• 95% of kerosene was used in production lines. 20% and 19% of fuel oil and 
gasoil were used in production lines too. 36% and 78.5% of gasoil and fuel oil 
were used for lighting and central heating. 18% of gasoil was used for 
generating sets and internal transportation. 10% of gasoil was used for office 
buildings and laboratories and other uses. (Tables AF 6, 12, 14.)
5.2.1.3 Wood and packaging industries
The total consumption of energy for wood and packaging industries in 1990 was 
equal to 961 400 barrels of oil equivalent. 97% of this consumption was used for
Amir A. Sadighi PhD Thesis, March 1998
Chapter 5, Energy Conservation in Industry_______________________________ 96
production lines. The consumption of lighting and central heating, and the other four areas 
of consumption was 1.7% and 1.3% respectively.
Natural gas with 79% was the most important source of energy supply. Electricity 
and gasoil with 16% and 5% respectively were next.
Consumption of different types of fiiel for different areas of consumption for wood 
and packaging industries was as follows:
• Electricity consumption for production lines, and lighting and central heating 
was 90% and 9.4% respectively. The rest was used in other areas.
• Nearly 100% of natural gas and 54% of liquid gas were used in production
lines. The other 45% of liquid gas was used in lighting and central heating.
• 94% of gasoil and 100% of fuel oil were used in production lines. 3.4% and
2.4% of the rest of gasoil was used in generating sets and transportation 
respectively. (Tables AF6, 15, 17.)
5.2.1.4 Shoes and leather industries
The total consumption of energy for shoes and leather industries in 1990 was equal 
to 114 666 barrels of oil equivalent. 90% of this consumption was used in production lines. 
The consumption of lighting and central heating, and transportation was 4.4 and 4% 
respectively. The other 1.6% was used in other sectors.
Fuel oil with 87.5% was the most important. source of energy supply. Gasoil, 
electricity, and the other sectors had 9%, 1.6%, and 1.9% of the total consumption 
respectively.
Consumption of different types of fuel for different areas of consumption for shoes 
and leather industries was as follows:
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• Electricity consumption for production lines, and lighting and central heating
was 95% and 5% respectively. 100% of fuel oil and 99% of kerosene were used 
in production lines.
• Consumption of natural gas in production lines, and office buildings was the 
same and was 45%. The other 10% was used for others. 13% of liquid gas was 
used in production lines and the other 87% was used in other sectors.
• 100% of gasoline and 35% of fuel gas were used in transportation. Fuel gas 
consumption in lighting and central heating, others, and generating sets was 
49%, 8.5% and 2.5% respectively. (Tables AF 6, 18, 20.)
5.2.1.5 Chemical industries
The consumption of energy for chemical industries in 1990 was equal to 658 084 
barrels of oil equivalent. 78% of this consumption was used in production lines. The 
consumption of lighting and central heating, and the other four areas of consumption was 
17% and 5% respectively.
Natural gas with 80% was the most important source of energy supply. Electricity 
and gasoil with 14.5% and 4% were next.
Consumption of different types of fuel for different areas of consumption for 
chemical industry was as follows:
• Electricity consumption in production lines, lighting and central heating, and 
office buildings was 87, 8, and 4.5% respectively.
• Natural gas consumption in production lines, lighting and heating, and others 
was 80, 19, and 1% respectively.
• Gasoline consumption in transportation, others, and office buildings was 96, 
2.8, and 1.2% respectively.
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• Kerosene consumption in production lines, others, and office buildings was 67, 
23.5, and 9.3% respectively.
• Gasoil consumption in generating sets, transport, lighting and central heating, 
production lines, office buildings, and others was 41, 19, 17, 14, 6, and 3% 
respectively.
• Fuel oil was used only in production lines, and lighting and central heating, the 
consumption was 91 and 9% respectively. (Tables AF 6, 21, 23.)
5.2.1.6 Pharmaceutical industries
The total consumption of energy for pharmaceutical industries in 1990 was equal to 
31 195 barrels of oil equivalent. Consumption of production lines, lighting and central 
heating, and office buildings was 37, 42, and 16.5% respectively.
Consumption of different types of fuel for different areas of consumption for 
pharmaceutical industries was as follows:
• Electricity consumption in production lines, lighting and central heating, and 
office buildings was 56, 26, and 18% respectively.
• Natural gas consumption in lighting and central heating, production lines, and 
office buildings was 47, 30, and 23% respectively.
• 100% of gasoline was used in transportation.
• 67.7% of gasoil consumption was for lighting and central heating. Production 
lines, generating sets, transportation and other consumption used 4.6, 10.5, 15.2, 
and 2% respectively (Tables AF 6, 24, 26.)
5.2.1.7 Building materials and cement industries
The total consumption of energy for these industries in 1990 was equal to 3 594 874 
barrels of oil equivalent which is almost half of the total energy consumption of all the
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Nationalized Industries. Production lines, and transportation consume 95.5 and 2.7%
respectively, and 1.8% is left for the remaining four areas of consumption.
Shares of fuel oil, natural gas, electricity, and gasoil in the consumption were 47.4, 
37.7, 11 and 3.3% respectively.
Consumption of different types of fuel for different areas of consumption for 
building materials and cement industries was as follows:
• Electricity consumption in production lines, lighting and central heating, and 
office buildings was 90, 9.5, and 0.5% respectively.
• Nearly 100 % of fuel oil and slightly less than 100% of natural gas (99.1) and 
87% of liquid gas were used in production lines.
• Nearly 100% of gasoline was used in transportation.
• 75% of gasoil was used for transportation. The remaining 18 and 7% were used
in production lines, and lighting and central heating respectively. (Tables AF 6,
27, 29.)
5.2.1.8 Electrical and domestic appliance industries
The total consumption of these industries in 1990 was equal to 162 047 barrels of 
oil equivalent. The consumption of production lines, lighting and central heating, 
transportation, office buildings and others, was 77.5, 15, 5.3, and 2.2% respectively.
Electricity and fuel oil each provided 26% of energy supply. Natural gas and gasoil 
shares were 21.4 and 15.6% respectively. Shares of liquid gas and gasoline were 6 and 
4.8% respectively.
Consumption of different types of fuel for different areas of consumption for 
electrical and domestic appliance industries was as follows:
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• Electricity consumption in production lines, lighting and central heating, and
office buildings was 83.3, 14, and 3% respectively.
Natural gas consumption in production lines, lighting and central heating, and 
office buildings and others was 79.8, 19 and 1.2% respectively.
92 and 8% of liquid gas were consumed in production lines, and office 
buildings respectively.
100% of kerosene was used in production lines.
98 and 2% of fuel oil were used in production lines and others respectively.
49, 47, and 4% of gasoil were consumed in production lines, lighting and central 
heating and transportation.
99% of gasoline was used in transportation. (Tables AF 6, 30, 32.)
5.2.2 Energy use in different seasons
The consumption of energy alters during different seasons of the year. It is 
important to have a knowledge of these changes and find the peak. From Table AF 33, the 
maximum consumption of total energy is for winter with 30% consumption. The 
maximum consumption of oil products has been in winter with 36.1% and the maximum 
consumption of natural gas has been for the same season with 32.4% of the total fuel 
consumption. Summer with 24.2% of the total fuel consumption has the second place, 
autumn and spring are next respectively.
The consumption of different types of energy in industrial groups are different for 
each season of the year. The highest percentage of the petroleum products consumption 
with respect to total energy consumed in winter is 50 and 42.5% for shoes and leather, and 
electrical and household appliances groups. The highest percentage of the electricity 
consumption with respect to the total energy consumed is 33.8% for pharmaceutical group 
in summer, 32.8% for electrical and household appliances group in winter, and finally 
28.6% for food industries in summer. The high electrical demand of food and
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pharmaceutical groups in summer is because of their need for air conditioning. The
information about this part is shown in Table AF 33.
5.2.3 Contracted and real demands
The factories have a contract with the electricity suppliers to provide them their 
electricity demand, this is called the contracted demand. As the ratio of contracted demand 
to real demand increases, the waste of investment in the electricity supply industry and the 
factory increases too. The inverse of this ratio for the total Nationalized Industries 
indicates the proportion of contracted amount used was approximately 90%. This ratio for 
wood, chemical, electrical, cement, textile, and food industries were 96, 94, 98, 89, 80, and 
69% respectively. The same ratio for pharmaceutical groups was 110%, which means the 
real demand was more than the contracted demand. (Table AF 34.)
5.2.4 Energy used per unit production
The managers in factories were asked to compare their energy used per unit of 
production with their knowledge of similar domestic and international factories and 
indicate the answer as 'much better,' 'better,' 'equal,' 'worse,' 'much worse.' The results are 
shown in Tables AF 35 and AF 36 respectively. Nearly 46% of the factories did not 
participate in this field. The results from the rest shows that 17 and 1.4% believe that they 
are better than the similar domestic and international factories respectively. 37 and 24% 
have indicated that their energy use is the same. No factory has claimed to be much better 
than other factories. 3 and 24% have said that they are worse than other similar domestic 
and international industries, and only 3% have said that their energy use per unit production 
is much worse than similar international factories.
5.2.5 Energy supply difficulties
Power cuts and delays in providing natural gas or petroleum products can affect the 
factories considerably. These effects can be in the form of damages to machinery, 
reduction in quality of the products or the hours that work has stopped because of energy 
shortage. These factories have been facing some kind of energy shortage. Nearly 92% of 
the factories have had some kind of energy supply problem. Those with most problems 
have been for textile, pharmaceutical and cement groups with 100% of the factories having 
problems and the least problem has been for food industries with 78% of its factories 
having problems.
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12% and 21.8% of the factories had problems with natural and liquid gas supply 
respectively. Nearly 57, 21.5, 16.3, and 3.6% of the factories had problems with gasoil, 
kerosene, fuel oil, and gasoline supply respectively.
In all the factories of the Nationalized Industries Organization, 7.5% in 1989, 8.5% 
in 1990, and 8% in 1991 of the total labour work were wasted because of energy supply 
difficulties. The maximum labour hours wasted in 1989 was for pharmaceutical group with 
16%, and the minimum has been 1.5% for chemical industries in 1990.
The information about this part is shown in Tables AF 37, 38, and 39.
5.2.6 Emergency generating sets
In the last three decades at the time of establishing a factory, or later on due to a 
shortage of electricity, the factories installed emergency generating sets, and in 1990, 93% 
of the Nationalized Industries had generating sets and only 7% did not have one. Nearly 
100% of the factories of food, wood and packaging, shoes and leather, pharmaceutical, 
building materials and cement, electrical and household appliances industries have 
generating sets while 45% of chemical industries and 8% of textile industries do not have 
generating sets.
There are 212 generating sets in all the factories, of which 174 use diesel engines 
and the other 38 are gas turbines. The average power of diesel generators is about 0.5 MW, 
and for gas turbines about 1 MW. Nearly 4% of the diesel generators are in good condition 
and 54% are in average condition, while for gas turbines 38.5, 46, and 15% are in good, 
average, and bad condition respectively.
The main reason for the factories to use generating sets is because of electricity cuts 
in the country. The number of generating sets, their power and conditions are shown in 
Tables AF 40 and AF 41.
5.2.7 Possibility of selling electricity to the electricity boards
The managers in the factories were asked if they could use their generating sets at 
the peak time and sell electricity to the boards. Only 4% reported that they see this
Amir A. Sadighi PhD Thesis, March 1998
Chapter 5, Energy Conservation in Industry______________________________ 103
operation as possible while 89% believed this is not possible and 7% did not participate in
answering. The main reasons given for not being able to sell electricity to the boards were 
as follows:
• The energy produced is too low
• Inability to feed the electricity directly into the grid
• Shortage of spare parts, high repair costs.
The answers of all of the industries to this question are shown in Table AF 42.
5.2.8 The price of industrial products and cost of energy
Energy saving in industry can affect the costs and, therefore, the price of industrial 
products. This effect in Iran can be minor because of the low prices of electricity and 
petroleum products, but in the macroeconomy it becomes important. The share of energy 
costs from finished price of industrial products in Nationalized Industries rose from 1.52% 
of the finished price of products to 1.80% between 1989 and 1991, an 18.4% increase. In 
this period of time the price of industrial goods increased 74.3%.
Share of energy costs from price of products is different for different groups. This 
share for the above mentioned period and for the wood and packaging group has doubled, 
but has not reached more than 0.85% of the price of products. This share for building 
materials and cement group has increased from 5 to 5.52% between 1989 and 1991. This is 
the highest share in all the industrial groups of Nationalized Industries. The information 
about energy prices, and the finished price of industrial products is shown in Table AF 43.
5.2.9 Load management
All the factories in the pharmaceutical group have an office for load management 
while none of the factories in electrical and domestic appliances group have this office. 
60% of all the factories have established load management offic^ 33% have not, and 7% 
have not answered. The reason that one group has load management while another group 
does not, is because of the management of the group within the Nationalized Industries 
Organization. Table AF 44 indicates the activity of different industrial groups in this field.
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5.2.10 Repair of machinery, heating and cooling systems
Good housekeeping and repair of machinery, heating and cooling systems are very 
important for energy saving. The situation of repair in all the factories in Nationalized 
Industries is 64% good and 17% average.
2.8% of the factories of building materials and cement group are reported to have 
'not satisfactory' condition, and only 12.3% of the factories are reported to have very good 
condition. The best situation is for chemical and pharmaceutical groups, wood and 
packaging, food, and textile groups are next. The condition of repair of machinery, heating 
and cooling systems for all the groups is shown in Table AF 45.
5.2.11 Classifying electrical loads
One of the ways of imposing load management to save energy is to classify the 
electrical loads for all the electrical machines. At the time of power shortage from the grid 
this information has become valuable, because by disconnecting the non-essential loads the 
demand will be reduced and power cut from electrical board could be prevented. This 
action will reduce the time of power cuts. 69% of the loads in all the factories are found to 
be essential and non-disconnectable, 16% possible to reduce, and 9% are possible to 
postpone. Pharmaceutical group has 37.5% essential loads while this figure is 100% for 
chemical group. This information is shown in Table AF 46.
5.2.12 Control of heating, cooling, and humidity
Control of the heating, cooling, and humidity is not satisfactory in the Nationalized 
Industries. Only 23% of the factories do this adjustment regularly. 59% of the factories are 
average, and 14% do not have any system for this adjustment.
Textile and shoe industries are the best in this field with 58 and 43% of their 
factories doing the adjustment regularly. 30% of the factories in the electrical and cement 
groups do not have any adjustment system. This information is given in Table AF 47.
5.2.13 Power factor
Improving power factor is one of the ways to reduce reactive power consumption 
and hence reducing the electricity bills. Power factor of less than 0.85 needs improvement.
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55% of the factories have power factor of more than 0.85, and 35% have the power
factor of less than this. Textile and chemical groups with power factor of more than 0.85 
for 92 and 89% of their factories have the best condition. Only 14% of the factories of the 
shoe and leather groups have power factor of more than 0.85. 57% of the factories have 
power factors between 0.6 to 0.85, and 14% have power factors less than 0.6. The different 
power factors for all the industrial groups are shown in Table AF 48.
5.2.14 Electrical load factor calculation
Electrical load factor means the energy consumed for each period (daily, weekly, 
monthly, seasonal or each year) divided by maximum demand of the factory for that period. 
The answer is between zero and one. 52% of the factories calculate their electrical load 
factor. The highest answer is for wood industries with 83% and the lowest is for 
pharmaceutical industries with 25%.
46% of the factories replying had load factor greater than 65%, 19% had load 
factors between 50 and 60%, 27% had load factors between 35 and 50%, and 2% had load 
factors less than 35%.
In the best situation which is for load factors greater than 65%, the best conditions 
are for cement and textile industries with 80% and 62.5% of their factories having load 
factor of more than 65%. The information about load factor is given in Table AF 49.
5.2.15 Demand reduction in peak time
One of the ways to help the electrical boards is to reduce demand in peak time. 
Nearly 42% of the factories reduce their demand during peak time, while 52% do not do so. 
67, 57, and 55% of the factories of wood, shoe, and electrical groups reduce their 
contracted demand during peak, the other groups with less than 50% of their factories do 
so. This information is shown in Table AF 50.
5.2.16 Avoiding heavy and sudden loads
Applying heavy and sudden loads by factories during the hours which electricity 
consumption is high in the country (evenings) can put pressure on the electrical network, 
but on the other hand a drop in voltage can damage the machinery. It has found that 62%
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of the factories consider this point and avoid heavy and sudden loads, while 26% do not do 
so.
86, 75, 73, and 67% of the factories of shoe, textile, electrical, and food industries 
consider this point, and between 33 and 67% of the factories of chemical, pharmaceutical, 
and wood industries do not consider this point. The information about this part is shown in 
Table AF 51.
5.2.17 Low consumption lamps
One of the ways to save electrical energy is to use high efficiency or low 
consumption or fluorescent lamps. It has been found that out of 90% of the factories use 
low consumption lamps while 7% do not do so. 100% of the factories of the textile, 
chemical, and electrical groups use low consumption lamps, and 57 to 89% of the factories 
of the food, cement, pharmaceutical, and wood industries use low consumption lamps. The 
information about this part is shown in Table AF 52.
5.2.18 Use of photocells and timers
For saving electrical energy in large areas where many lamps are used for lighting, 
photocells and timers can be used. 54% of the factories of Nationalized Industries use 
photocells or timers, while 41% do not. Only in wood and packaging group, 100% of the 
factories use photocells or timers. 55 to 75% of the factories of electrical, food, 
pharmaceutical, and textile groups, and 22 to 33% cement, chemical, and shoe groups use 
photocells or timers. The information about this part is shown in Table AF 53.
5.2.19 Electrical load control
When the power is connected again after a period of power cut, using all the 
electrical machinery at once is not advisable, because this can damage the internal electrical 
network and the machinery and equipment. Nearly 89% of the factories consider this point.
100% of the factories of pharmaceutical, cement, and electrical groups, and 78 to 
92% of the factories of food, chemical, wood, shoe, and textile groups consider this point. 
The information about this part is shown in Table AF 54.
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It is necessary to have some rules and regulations in the factories to avoid sudden
use of electricity, and the supervisor of each department knows his responsibility. Nearly 
51% of the factories have these rules and regulations and Table AF 55 indicates the 
percentage of factories of each industrial group which consider this point.
5.2.20 Demand penalty
The price that factories should pay for electricity considers the real demand and the 
contract. Every factory should plan its consumption somehow for not paying the demand 
penalty. It has been found that only 28% of the factories pay the penalty. The 
pharmaceutical group, with 50% of its factories, has the highest number of factories paying 
the penalty, and wood and packaging group, with 17% of its factories, has the lowest 
number of factories paying the penalty. The information about other groups is shown in 
Table AF 56.
5.2.21 Waste energy recovery
One of the ways to save energy is to use the waste energy. It has been found that 
only 10% of the factories of Nationalized Industries use their waste energy. Nearly 22 and 
17% of the food and textile groups have waste heat recovery. In three groups of chemical, 
electrical, and pharmaceutical, there is no waste energy recovery. The data about this part 
are shown in Table AF 57. All the groups, especially the energy intensive groups such as 
cement and chemical, should be encouraged to use waste heat recovery.
5.2.22 Petroleum products storage
Nearly all the factories use one or more type of petroleum products. The storage 
system should be according to National Petroleum Company's standards. 100% of the 
factories of Nationalized Industries have petroleum products storage system. Nearly 96% 
of the factories do not have petroleum products evaporation problems, while 3.4% of the 
factories have this problem. 14 and 12.5% of the factories of shoe and leather and food 
industries have mentioned that they have such a problem, while 100% of the other six 
groups do not have this problem. The information about this part is shown in Table AF 58. 
It should be noticed that suitable storage system has environmental as well as energy 
implications.
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The World Bank expects that the implementation of no- and low-cost conservation 
measures may reduce industrial energy consumption by approximately 20% in Iran. 
Therefore the factories o f the Nationalized Industries Organization can save a considerable 
amount of energy by applying good housekeeping techniques. Further savings can be 
realized by the employment of energy managers to implement energy conservation 
techniques specifically targetted at a specific industry or factory.
A paper was presented to the First National Energy Congress in Tehran, Iran, in Spring 
1997 about the energy audit in Nationalized Industries Organization. The abstract is shown 
in Appendix G. This paper was presented in Farsi.
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5.3 Energy Conservation in the Cement Industry
This section devotes its attention to the cement industry. The investigation is 
presented in two sections. One, energy conservation in the cement industry in general. 
Two, energy conservation in Tehran Cement Company. The first section delves into 
technical aspects of energy conservation and examines various approaches taken by 
different countries. The second section derives from work done at the Sharif University of 
Technology in conjunction with the Energy Conservation Centre of Japan (ECCJ). The 
BCCJ was invited by the Planning and Budget Organization of Iran to compare Tehran's 
cement factory with an excellent Japanese facility.
5.3.1 Energy conservation in the cement industiy in general
The cement industry has been successful in applying energy conservation 
techniques to its processes and continually seeks improvements.
The cause of such conservation measures lies in the significant portion of total costs 
that energy costs represent. In the United States, energy costs have averaged 25% of total 
costs in current manufacturing. This means that every 10% decrease in energy 
consumption implies a 2.5% decrease in total costs. Clearly, there exists a substantial
profit motive in seeking energy savings.
The issues in energy conservation vary widely from nation to nation; often, a 
distinction between developing and developed nations exists. To illustrate this point, 
consider the cases of Germany and the United Arab Emirates (UAE).
The UAE conducted and published in 1991 an energy audit of its cement industry 
which it found to consume 0.47 million tonnes of oil equivalent. Approximately 85% of 
such energy consumption comes in the form of thermal energy.
The UAE audit recommended the following energy conservation measures:
• Incorporation of pre-heaters and pre-calciners
• Using natural gas as the source of fiiel
[521• Waste heat recovery and kiln insulation.
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The German case differs considerably. An audit there showed that previous energy 
conservation measures reduced energy consumption from 4.8GJ/tonne to 3.0 GJ/tonne from 
1960 to 1988. However, most conventional means of obtaining energy savings have been 
exhausted (e.g., waste heat recovery).
The West German audit also reveals a greater use of electricity. From 1960 to 
1988, the electrical energy consumption rose from 0.32 GJ/tonne to 0.42 GJ/tonne.
The audit advised the German cement industry to orient its energy savings planning
towards kiln insulation, integrated energy management networks, and optimized electric
, . _ [53]drive units.
The cement industry in developing nations would benefit from employing energy 
savings techniques implemented in the cement industries of developed nations decades ago.
5.3.1.1 Kiln insulation
The two cases discussed in section 5.3.1 both recommended kiln insulation as a 
means of energy savings. Many cement manufacturers have sought advanced materials 
that can provide insulation under the difficult conditions found within the kiln.
One such material, Lytherm, is a typical example of the materials cement 
manufacturers seek. Lytherm is an insulator made of long ceramic fibres of high purity. 
Enmeshed in these fibres are binder materials which give the insulator toughness. 
Furthermore, a cladding of fibreglass cloth covers each side of the insulator to render it 
abrasion resistant.
Lining a kiln with such a material not only reduces thermal losses, but provides 
other benefits as well. For example, the lining absorbs the mechanical shock caused by
rapid temperature changes of the outside environment.
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5.3.1.2 Industrial waste as kiln fuel
In the cement fabrication process, an enormous amount of fuel is consumed. The 
fuel provides thermal energy to the kiln, which reaches temperatures over 2000 °C. Fuel 
costs contribute 20 to 25% to overall costs in the Canadian cement industry; this amounts 
to 53.3 million GJ of energy in Canada per year (an amount equivalent to 2.0 million 
tonnes of coal).
In search of energy savings, one approach has been to find preferred sources of fuel. 
In particular, organic industrial waste serves as an excellent source of fiiel. This waste, 
primarily waste oils and spent organic solvents (e.g., ink and printing), can be hilly 
destroyed in the extreme temperature of the kiln, therefore having limited environmental 
impact.
A Canadian study, based on 1987 statistics, showed that 39.6% of kiln fuel demand
could be supplied by combustible waste, 
producing Portland cement.
[54] Fig. 5.10 shows the diagram of a kiln
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Fig. 5.10 Diagram of a kiln producing Portland cement [54]
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5.3.1.3 Waste heat recovery
The concepts of waste heat recovery have been discussed previously in this report 
and it has been shown that many developed countries use such techniques in cement 
fabrication.
The two areas of the cement making process which lend themselves to waste heat 
recovery are the kiln and the clinker cooler. Both kiln exit gases and clinker cooler exhaust 
gases can supply a cement plant with useful amounts of heat for water heating and 
conventional steam boilers. A recent development in waste gas heat utilization is to run the 
waste gas through a bypass in the precalcining systems. This allows 100% of the exit gases 
to be bypassed and be utilized.
A German study showed that a cement plant with a 3 000 t/day capacity, 30 to 
35kWh/tonne clinker can be recovered with a waste heat recovery system. This translates
into a 20-30% reduction in the unit power costs.
Novel approaches to waste heat recovery promise innovative solutions to shared 
problems. One cement plant in Sweden used waste heat recovery systems to capture waste 
heat in kiln exit gases and clinker cooler exhaust to supply a neighbouring village with 
heat. This system allows for 15 GWh/year in sales. The $1 million investment generates a
cash flow of $0.5 million/year.
5.3.1.4 Comminution
Clinker grinding offers another opportunity for energy savings. Austrian attempts 
in this field have proved successful. Their approach involved two comminuting stages. In 
stage one, feed material passes through a high pressure roller press. The press breaks down 
some of the material and initiates crack formation in the interior of clinker particles. The 
clinker agglomerates but then a second comminution (e.g., a tube mill) reduces the size of 
the clinker to fine particles at a much lower rate of energy consumption. Results of the 
Austrian test showed product output increased 20% to 40% and energy savings of 10% to
20% were realized.
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5.1.3.5 Control systems
Energy savings require careful monitoring and control of equipment in terms of 
power utilization. Integrated systems can measure and react to energy consumption 
conditions throughout the plant. A good example of such a system is in operation at the 
Outao Cement Plant in Portugal.
The control system at the Outao Cement Plant employs three distinct but highly 
interrelated components: PROPLAN, ELCON, and EDI. Each performs a specific task 
using software and hardware information systems.
PROPLAN (production planning) offers an energy planning package. It seeks, 
through linear optimization models, to develop a minimum energy budget that satisfies the 
demands of customers and plant operating parameters.
ELCON (Electric Load Control) is a module that tracks electrical power usage and 
warns of the need for corrective measures at precise locations. These warnings can be 
heeded automatically or ELCON can provide instructions to operators monitoring the 
system.
EDI (Energy Data and Information) gives plant operators a global picture of power 
usage in the plant. This information is collected by the system which in turn can 
disseminate the information with particular foci:
• Determination of success of energy savings measures
• Isolation of weak spots in energy usage
• Creation of energy-use database
• • Evaluation of PROPLAN's production schedule
• Establishment of new settings for ELCON operation control.
Together, these three systems allow a plant to monitor and control power 
usage with precision in "real time." The Outao plant cites energy savings of 7% using the 
system and predicts savings to come of 6%. This combined saving will add US$1.1 million
[591to the plant's profit yearly.
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5.3.1.6 The IJK Experience
In 1980, the United Kingdom produced 13.9 million tonnes of cement clinker. To 
do so, it consumed 78 million GJ of energy or 3.9% of the total industrial energy 
consumption. Energy consumption accounted for 40% of total production costs.
An industry-wide energy audit in 1980 found that 92% of the energy used went to 
drying and calcining (both processes occur within the kiln) while 8% was spent in electrical 
form for grinding raw materials and clinker. The primary source of kiln fuel was coal. 
Table 5.9 displays energy consumption per tonne of product.
Process 1980 Fuel Use, GJ / tonne
Coal Oil Gas Electricity Total
Dry 3.45 0.13 0.26 0.56 4.40
Wet 6.40 0.05 0.003 0.38 6.83
Semi dry 3.38 0.24 0 0.47 4.09
Semi wet 4.76 0 0 0.47 5.23
Mean 5.11 0.10 0.06 0.44 5.71
Table 5.9: Energy consumption per tonne of product [60]
Energy consumption patterns differ for each separate process. For example, 40% of 
energy consumption in the wet process is devoted to water evaporation. However, some 
industry-wide comments apply that explain the phenomenon of increasing energy 
consumption in British cement making:
• Harder raw materials used presently require increased grinding
• Increased use of electrostatic precipitators and dust extraction plants to ensure 
environmental compliance
• Automation reduces labour costs but requires increased power consumption
• Market demands for higher quality cement.
As power consumption increases, so does cost. In order to mitigate such costs, the 
British cement industry sought to eliminate wasteful energy practices.
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The first, most obvious, energy conservation approach would be to switch to a dry 
or semi-dry cement making process in all plants. But the enormous capital required for 
such a move makes this change one that occurs over a considerable time span. However, 
this switch could bring an energy savings of 29.6% by the year 2000.
Kiln insulation offers an energy savings potential. Employing fibrous refractories 
with longer life spans than the insulating bricks could introduce up to 2% in energy 
reduction industry-wide.
The 1980 energy audit considered the possibility of blended cements. That is, in 
making Portland cement, cement manufacturers could introduce waste materials from other 
industries (e.g., pulverised fuel ash) which require little to no grinding. This approach 
could reduce energy consumption by 2.4% by 2000 if an industry-wide effort is made.
The audit further studied waste heat recovery possibilities, estimating that 5.5 
million GJ was available yearly as waste heat. However, most heat is low grade (100 - 
200°C) and so recovery techniques were only estimated to bring in a 0.9% savings by 2000.
Further areas of energy conservation include:
• Improved control of combustion in the kiln (savings: 5%)
• Using waste materials as kiln fuel (savings: 4.4%)
• Increasing sulphate levels (savings: 0.9%)
• Improving grinding techniques (savings: 0.3%)
• Producing cement at lower temperatures (savings: 3.3%).
If all these energy conservation techniques were employed industry-wide, a total 
energy savings of 13.9% could be achieved (this excludes switching all wet processes to 
dry or semi-dry ones).
The British industry is typical of a developed country's cement making industry. 
Having already employed good housekeeping practices and traditional energy conservation 
methods, it seeks further cuts through implementation of higher technologies (e.g., kiln
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insulation) and novel approaches (e.g., blended cements and waste materials as kiln fuel). 
[60]
5.3.1.7 The Indian experience
The Indian cement industry, some 80 years old, has been under government control 
for most of its history. In 1982, the 30 million tonne/year industry was deregulated, 
consequently experiencing a decade of enormous growth, arriving at 70 million tonnes/year 
in 1992. However, the cement industry consumes 7-8% of India's yearly coal supply and 4-
5% of India's electric power generation.
The manner in which this energy is spent in India follows the trend among most 
cement making industries. Energy costs contribute 38% to the total costs of making 
cement. Typically, a cement plant consumes its 3.51-5.05 GJ/tonne by employing 9.1% - 
13.2% of total energy in electrical form and the remainder in thermal form. Of the 
electrical energy consumed, 60-70% is devoted to grinding raw materials, coal and clinker.
[61, 62] ranges are a result of the different energy-consumption patterns for different
processes (e.g., wet or dry). Table 5.10 shows these differences and offers a comparison 
with developed countries.
Electrical energy (kWh/tonne) Thermal energy (GJ/tonne)
Country => India Advanced India Advanced
Process U Countries Countries
Wet 114 70-104 6.94 5.01-5.43
Semi-Dry 123 90-95 4.17 3.15-3.74
Dry 155 110-112 4.17 3.04-3.40
Table 5.10: Comparison of energy consumption in cement industry [61]
As expected, the wet process consumes considerably more thermal energy than 
either the semi-dry or dry process. An obvious first energy savings would be to convert all 
plants to a semi-dry or dry process. Similar to the UK experience in the early 1980s, India 
today would require huge amounts of investment capital to do so.
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The comparative data show that in each process, India consumes more energy/tonne
than does a developed country. Two reasons cause this phenomenon. One, the raw 
materials require more energy and the power supply is of poorer quality and diminished 
reliability. Poor maintenance at coal mines reduce machine availability which, in turn, 
reduces production, and, finally, supply of thermal energy to the kiln. Power cuts and 
many other problems also reduce plant productivity. Furthermore, 60% of the cement
plants rely on marginal grade limestone as their primary source of material. Two, the
Indian industry has adopted advances in sciences and technology more slowly than 
developed countries in both hardware and software terms. As is the case with many 
developing countries, many energy saving techniques require little capital investment and 
provide almost immediate payback.
An energy audit in 1992 done by the National Council for Cement and Building 
Materials of India isolated the main areas for energy conservation;
• Reduction of exhaust gas losses by improved maintenance. Sealing air leaks 
and false air entries can reduce 5 kWh/tonne of clinker produced.
• Proper load management by avoiding equipment operation below capacity and 
idle running.
• Increase plant availability by improving maintenance and good housekeeping 
practices.
• Maintenance of proper feed control and grinding size reduction. Often, the feed 
into the kiln comes at a variable rate and the fuel feed is not calibrated to the 
raw material feed. If too much fuel is burnt, then clearly, fuel is burnt 
needlessly. For every 1 °C rise in back-end temperature in the kiln, 4.2 kJ/kg 
clinker is wasted.
• Improve refractory lining by introducing more advanced refractories which 
promise longer life and heat loss reductions of 10-15%. This translates into a 2- 
3% energy savings.
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Improve energy efficiency by employing newer equipment like roller mills and 
presses, high efficiency classifiers, and variable speed drives. This replacement 
can effectuate a reduction in power demand from 8% to 30% for each individual
u- [62]machine.
• Improve combustion techniques.
• Adoption of 5-6 stage preheater systems which use low pressure drop cyclones. 
This provides an energy savings of 105-127 kJ/kg clinker.
• Incorporation of co-generation and heat recovery systems.
• Inclusion of industrial by-products into cement to make blended cements.
• Introduction of improved instrumentation and control of plant using integrated
monitoring systems capable of automated response.
India's cement industry shares problems experienced both in developed and 
developing countries as well as some unique problems of its own. As is usual in a 
developing country, many opportunities for energy conservation require little more than 
better housekeeping. However, like a developed country, India looks to high technology 
solutions for conservation problems. Finally, India suffers a unique problem that is 
external to a cement plant: the variable quality of raw materials and power.
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5.3.2 Results of the Study at Tehran Cement Company
5.3.2.1 Outline of the Plant
(1) Plant name
Tehran Cement Company
(2) Plant address 
Tehran
(3) Number of employees 
About 2,000
(4) Major products
Portland cement and clinker 
ASTM Type 2 and Type 5
(5) Production capacity 
9,600 tonnes/day
(6) Production process of cement
This cement company digs out the limestone as raw material in an adjoining quarry. 
The limestone is transported by trucks over a 7 km route. After the secondary 
crushing, the limestone is placed in the ore bedding yard. Clay is also dug out from 
an area of the same quarry and delivered to the plant. The normal blending ratio is 
70 % limestone to 30 % clay. Sometimes, however, a small amount of iron ore is 
added as compensation for iron content.
The production line consists of 7 kiln groups. Four lines including kilns No. f  to No. 
3 and No. 5 are wet process kilns, and 3 lines including kilns Nos. 4, 6, and 7 are 
dry process kilns. Kilns No. Î  to No. 4 share the raw materials and clinker storage. 
Kilns No. 5 to No. 7 are separated and have individual stockyards. Particularly 
among these, kiln No. 7 is located at another site near the mine and is an 
independent plant. This plant was excluded from the study made at this time since it
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was difficult to adjust the schedule. All dry processes use the suspension pre-heater
(SP). Three types of clinker coolers are used. Kiln No. 3 uses a rotary cooler, kiln 
No. 6 uses a grate cooler, and the other 5 kilns use satellite coolers. Natural gas and 
fuel oil is used concurrently for fuel. An explanation of technical terms used in this 
section can be found in Appendix H: "Definitions: Cement Industry,"
(7) History of the plant
Kilns No. 1 and No. 2 have been operating since 1956 and 1958 respectively. 
Therefore these kilns have been operating for almost 40 years. Kilns No. 5 and No. 
3 were built in 1962 and 1968. Kiln No. 5 is older than kiln No. 3 and was 
originally built by a different company. Later, this kiln was incorporated in the 
Tehran Cement Company after the operation of kiln No. 4 was started. Because of 
this reason, the designation number and the order of operation do not match and the 
layout also appears unnatural. These 4 kilns are wet process kilns.
The operation of kiln No. 4, which is the first dry process kiln, was started in 1972, 
followed by kilns No. 6 and No. 7. which were completed in 1979 and 1984 
respectively. Kiln No. 7 was built by another company like kiln No. 5 and was 
merged with the Tehran Cement Company later.
The production capacity including kiln No. 7 is 9 600 tonnes/d. The clinker 
production capacity as a single plant is the largest in I.R. Iran. The clinker 
production capacity by wet process is 1 500 tonnes/d and that by dry process 
without kiln No. 7 is 6 100 tonnes/d. If the production of kiln No. 7 is included, the 
capacity is 8 100 tonnes/d. The ratio of the dry process is overwhelmingly large.
(8) Plant layout
Figure 5.11 shows the plant layout, with No. 7 excluded.
(9) Electrical diagram
Figure 5.12 shows the electric power system diagram.
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(10) Outline of main production lines
Table 5.11 shows the main specifications of each kiln.
Line No. Type of 
Process
Capacity
(t-cl/d)
Kiln Size 
(LxD)m
Clinker
Cooler
Year in 
Service
1 Wet 300 100x3 Satellite 1956
2 Wet 300 100x3 Satellite 1958
3 Wet 600 150x3.75 Satellite 1968
4 Cyclone SP 2 100 80 X 5 Satellite 1972
5 Wet 300 100x3 Rotary 1962
6 Cyclone SP 4 000 95x5.8 Grate 1979
7 Tower SP 2 000 n.a. Satellite 1984
Table 5.11 Production Lines
(11) Energy price
As of September 1995, the following information has been obtained:
Natural gas: 10 Rial/m^
Heavy oil: 20 Rial/litre
Electric power: 53 Rial/kWh (63 kV)
5.3.2.2 Situation of Energy Consumption
(1) Transition of production, energy consumption, and energy intensity.
Data of the production and energy consumption for every fiscal year and for each 
kiln was not obtained. The fuel intensity has changed within the following range:
Wet process: 6.7 to 7.1 MJ/kg-cl
Dry process: 3.6 to 4.0 MJ/kg-cl
Definite information on electric power intensity have not been obtained.
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Table 5.12 and Table 5.13 show the investigation results of monthly operation 
records of kilns No. 4 and No. 6 for each process during the last 16 months.
Year Month Raw Mill Department Kiln Department Cement Mill Department
Production 
<r»w tonnes)
Consumption
OcWb)
Production
(tonnes-cO
Fuel CocinimpUon 
OU(Mrc) C*,(nf)
Ctmiumpiion
(kWh)
Production
(lonnet-ccni)
CoiuumpUon
(kWh)
1995 1 89 813 2 711 929 54 791 2 655 000 2 614300 1434  816 52 801 2 798 885
2 90 478 2 519 081 52 277 1043 000 4243304 1376907 52 032 2341357
3 72 640 2 313 164 47 719 800 000 4314716 1 282 390 47127 2 557 626
4 79239 2 337 032 45278 549 000 4187 591 1 259 061 48938 2 597 942
5 69 873 2 254 201 46 098 715 000 4 540 125 1 313 941 49198 2 174 361
6 84 650 2 676 910 51 659 684 000 5 000 965 1 428 407 49 022 2 446 999
7 4280 355280 90 0 69 805 157 753 48313 2 028 060
8 39 784 1 418114 29 034 418 000 2 550 331 844169 42 954 2 143 533
9 96253 2 757 656 59 573 897 000 5 263 290 1 578 437 58384 2 947 780
10 72 819 2 125 585 40 833 550000 3 566 130 1 077 945 35395 1610343
11 72 734 2 221 452 45 985 723 000 4 106 572 1241 532 59 912 2 666 088
12 37 321 1272 401 21720 998 000 1 276 031 640 248 37 886 1 708 902
1996 1 97 415 2 671 416 60 096 2 205 000 3 540 697 1 475 684 58 857 2 724 253
2 87 425 2 614 040 52 261 3 989 000 1 021 506 1 376133 40338 1 908 744
3 81 219 2 492 914 48 311 1 521 000 3 375 320 1 277 383 44104 1 922 761
4 83 201 2 377 889 49 685 1 065 000 4 136 423 1 306139 34 951 1 575 696
Total (1995.1 -1996.4) 11S9144 3S 119 064 705 410 18 812 000 53 807 106 19 070 945 760 212 36153 330
Monthly average 72 447 2 194 942 44 088 1175 750 3 362 944 1191 934 47 513 2 259 583
Energy intensity 1.64 3030 1.00 26.67 76.28 27.04 1.08 47.56
Total Power [kWh/t-cI]
{KWb/t-cein}
[kWh/t-rel] OjR+CQ+C
128.07
118.84
12438
Fuel [kJ/kg-cI] [W/kg] [kJ/m'l 3981[LHV] 41.2 39.2
[kg/Iitre] 0.905
Table 5,12 Operation Record of Kiln No. 4
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Year Month Raw Mill Department Kiln Department Cement Mill Department
Production 
(nor toniKi)
CofuumpÜon
(kWh)
Production
lUmtnJ)
Fiwl Conumptkm 
(XI (Wire) C«(m*)
ConmmpUon
(kWh)
PredueUon
(lonnet-cna)
Coosumptlon
(kWh)
1995 1 157 260 3 585 600 102 531 5144 000 3 687 055 3 825 640 104 948 5328 500
2 136192 3 359200 77 870 1 934 000 4 966 776 3 114 270 49 393 2 375 650
3 71850 1 758 900 43 975 1 777 000 2380911 2 072 750 43 628 2 262 500
4 157 925 4221 800 107 300 0 9 804205 3 866 750 52 609 2 687100
5 128 616 3 439 100 73 232 0 7 258 928 2 972 180 93116 4445 400
6 46716 1312 900 41171 0 4115398 1 650 980 73 337 3 581 900
7 138 656 3 568 000 95 954 284 000 8 790 248 3 486 040 74 751 3 790 300
8 143 463 3360  900 76 979 2118  000 4 952 012 3 122 670 84 635 4 408 100
9 120 956 2 919 500 81888 0 7 629 722 3 178 400 99 779 4 938 500
10 112 555 2 538 000 62 824 0 5 817 910 2 450 080 76 513 3 704 600
11 76 370 1 779 000 52132 0 5 077 504 2 033 150 63178 2 892 100
12 127 649 3 031 000 90 188 2 747 000 5319 643 3 517 330 80 991 3 743 100
1996 1 157 715 3 687 700 96154 3 956 000 4 592 089 3 750 000 82 656 3 684 800
2 143 713 2 939 500 92156 5 000 000 3 161 092 3 594150 74 883 3 718 200
3 87 514 1997300 65444 3 800 000 1 868 541 2 552 316 68 924 3 225 700
4 133 290 3317 200 76772 5225 000 1 629 319 2 994 108 65846 3 118 072
Total (1995.1 -1996.4) 1 940 440 46 815 600 I 236 570 31 985 000 81 051 353 48 180 814 1189187 57 90S ISO
Monthly average 121 278 2 925 975 77 286 1 999 063 5 065 710 3 011301 74324 3 619 072
Energy intensity 1.57 24.13 1.00 25.87 65.55 38.96 0.96 48.69
Total Power [kWh/t-ci]
{kWh/t-cem]
[kWh/t-rcl) (I.6R+CJ) + C
123.65
128.58
125.52
Fuel [kJ/kg-cl]
[LHVJ
|kf/mrc|
[fcJ/kg]
41.2
0.90S
[kJ/m'l
39.2
3531
Table 5.13 Operation Record of Kiln No. 6
According to these tables, the average values of the fuel intensity of kilns No. 4 and 
No. 6 are 4.0 MJ/kg-cl and 3.5 MJ/kg-cl respectively. Since the above values of fuel 
intensity of the dry process kilns are at a normal level, it seems that the information 
obtained indicates a reasonable value. By calculating the weighted average in 
accordance with the kiln capacity, it is estimated that the average fuel intensity of 
the entire plant is 4.3 MJ/kg-cl.
The electric power intensity of kiln No. 4 is 128 kWh/tonne-cl and that of kiln No. 6 
is 124 kWh/t-cl. Supposing that the electric power intensity of the wet process kiln 
is 110 kWh/tonne-cl and the electric power intensity of kiln No. 7 is at the same 
level as that of kiln No. 4, the electric power intensity of the entire plant can be 
presumed to be 123.4 kWh/tonne-cl.
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(2) Energy intensity for each process
Table 5,12 and Table 5.13 given earlier show the production and energy 
consumption of kilns No. 4 and No. 6 for every month and for each process. Figure 
5.13, Figure 5.14, Figure 5.15, and Figure 5.16 illustrate the above data. The 
investigation of the wet process kilns and kiln No. 7 were omitted due to the lack of 
time. Figure 5.17 shows the gas flow for kiln No. 4.
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Figure 5.13: Monthly Production of Kiln No. 4
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Figure 5.14: Energy Consumption of Kiln No. 4
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Figure 5.15: Monthly Production of Kiln No. 6
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Figure 5.16; Energy Consumption of Kiln No. 6
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Figure 5.17: Gas flow (kiln No. 4)
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The electric power intensity of the raw mill department of kiln No. 4 is 
approximately 6 kWh/tonne higher than that of kiln No. 6 in spite of the fact that 
the same raw materials are used. The difference in the system alone should not 
account for this much disparity. On the other hand, the electric power intensity of 
the kiln department of kiln No. 6 is approximately 12 kWh/tonne higher than that of 
kiln No. 4. Kiln No. 6 uses the grate cooler and therefore it is understandable that 
the electric power intensity of this kiln is slightly higher. This difference, however, 
is too large. It is possible that there may be some errors in the keeping of the electric 
power consumption records of each kiln or each department, and thus the actual 
situation is not indicated correctly.
A part of the clinker of kiln No. 6 is exported, and, therefore, the cement production 
is less than the clinker production. If the electric power intensity of the entire plant 
is indicated per cement tonne under these circumstances, the result does not carry 
any profound validity. Therefore, it is necessary to know the actual consumption by 
each department and by each product.
(3) Heat balance
Table 5-14 indicates the heat balance calculated using the actual measured values 
indicated by the plant measuring instruments supplemented by additional test 
equipment on the date of the investigation.
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1. Precondition
Item Unit
1.1 Raw mill
1) Charged raw material t/h 155
2) Temperature °C 100
3) Specific Heat k J/kg K 0.84
1.2 Clinker
1) Yield of material t-cl/t-raw mat 0.59
2) Dusting loss % 5
3) Clinker output t/h 87.10
4) Temperature °C 150
5) Heat for clinkering kJ/kg-cl 1 800
6) Specific heat kJ/kgK 0.8
1.3 Fuel in kiln
1) Kind - Natural gas
2) Low heat value kJ/m^ 39 777
3) Temperature "C 30
4) Consumption of kiln m^/h 7 500
1.4 Fuel in preheater
1) Kind - Fuel oil
2) Low heat value kJ/litre 38 550
3) Temperature °C 100
4) Consumption in preheater litre/h 1 500
5) Specific gravity kg/litre 0.905
6) Specific heat kJ/kg K 1.88
1.5 Exhaust gas at preheater outlet
1) Temperature °C 360
2) O2 content % 3.25
3) Specific heat kJ/m  ^K 1.42
4) Specific gas volume by natural gas mVkg-cl 1.24
5) Specific gas volume by fuel oil m^/kg-cl 0.24
6) Specific gas volume by clinkering of mVkg-cl 0.27
material
1.6 Radiation loss from kiln surface
1) Average temperature °C 284
2) Surface area m^ 1 257
3) Convection coefficient kJ/m^hK 47.7
4) Radiation coefficient kJ/m^hK 67.0
5) Emissivity - 0.95
1.7 Radiation loss from cooler surface
1) Average temperature °C 244
2) Surface area m^ 625
3) Convection coefficient kJ/m^hK 49.8
4) Radiation coefficient kJ/m^MC 57.4
5) Emissivity - 0.95
Table 5.14: Heat balance (No. 4 SP Rotary kiln) (1/2)
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2. Heat balance
Item kJ/kg-cl %
Input heat Q1
1) Qa : Heat combustion of fuel 4 089 97.5
2-1) Qbi : Enthalpy of fuel 2 0.0
2-2) Qbz : Enthalpy o f raw material 104 2.5
Total 4 195 100.00
Output heat Q2
3) Qc : Heat for clinkering 1 800 42.9
4) Qd : Enthalpy of clinker at cooler outlet 96 2.3
5) Qe : Enthalpy of preheater exhaust gas 817 19.5
6) Qf : Radiation loss 582 13.9
7) Qg : Other heat loss 899 21.4
Total 4 195 100.00
Table 5.14: Heat Balance (No. 4 SP Rotary Kiln) (2/2)
5.S.2.3 Situation of energy management
(1) Setting the energy conservation target
Reflecting the history of this plant, 7 kilns of different production styles are 
connected in a complicated manner and old and new equipment are operating in 
parallel here. The task of maintaining the rate of operation at a constant level alone 
at this plant requires considerable effort. In such a situation, partial change is buried 
under the entire flow and the actual condition is difficult to grasp. Therefore, to 
follow up the result, it is advisable that the data for each system and each process 
should be summed up, and by using the data as the clues for an approach, the 
attainable target should be set for each item. The following items have been 
investigated at this plant as pending matters at present.
a. Achieving a kiln operation rate of 92 %
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b. Increasing the capacity of kiln No. 6 from 4,000 tonnes/d to 6,000 tonnes/d
c. Additional installation of raw material transportation belt conveyors and crushers
d. Application for ISO-9000 approval
All of the above matters are closely related to energy consumption.
(2) Systematic activities
An energy management committee has been set up by appointing the 
representatives in charge of machines, electricity, and production of the 7 kiln 
production lines. The activities have just been started. At present, data collection is 
performed mainly by electrical engineers on a daily basis. They are working on 
energy management with fuel, cost and environmental issues besides electric power.
(3) Data-based management
Right now, the company is in the stage of data collection through the above 
committee. Since the types and numbers of equipment operating at the plant are 
very numerous, it must be difficult to sort the information related to the 
specifications and features of the equipment, transmit this information to each 
person in the workshops, and make the most use of this information. As mentioned 
earlier, since there is the equipment in the raw mill department of kiln No. 4 which 
is shared with kilns No. 1 to No. 3, the electric power consumption cannot be 
grasped clearly for each kiln. It is expected that these problems will be clarified and 
improvement measures provided as the activities of the committee progress.
(4) Education of employees
For production conditions and also for a stable product quality and improvement of 
the operation rate, the operators must thoroughly learn the correct operation 
standards. This will lead to the improvement of energy intensity. The
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representatives on the energy conservation committee could act as instructors for
. their own team of workers.
(5) Equipment maintenance
At the old plants, a large amount of dust is emitted from everywhere. Whenever 
there is a sudden gust of wind or a truck passes, the dust piled in the passages 
scatters again. It cannot be denied that the scattered dust is a possible reason for 
equipment damage and for shorter equipment life. The cleanup of a plant is not only 
favourable in terms of appearance and the welfare of the employees but also for 
assuring profit in operation.
Old and new equipment are installed in a complicated way in the plant and the 
present layout of the plant is far from being ideal as far as equipment maintenance 
is concerned. The reasons described in the section "History of the plant'" are 
involved in this matter. The engineering staff in the workshop must be putting in 
tremendous efforts to maintain the specified rate of operation. There will be 
continued investment requirements for various equipment to reinforce the 
production capacity of the plant. It is recommended that efforts should be made to 
improve facilities for equipment maintenance during this course. Looking back at 
the history of this plant, it can be said that now is the time for consolidation of 
equipment.
S.3.2.4 Problems and measures on energy use
(1) Comparison with an excellent Japanese factory
As mentioned in Section 5.3.2.2 (1), the fuel intensity of the entire plant is 
estimated at 4.3 MJ/kg-cl, which is approximately 30 % higher than 3.3 MJ/kg-cl of 
the recent international level.
This difference of approximately 30 % in fuel intensity results from the difference 
of approximately 21 % in the process, the difference of 4 % in the cooler type and 
the difference of 5 % in the operating conditions.
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As mentioned earlier, there are 4 lines of wet process kilns namely kilns No. 1 to
No. 3 and No. 5 among the 7 production lines of this plant. Theoretically, a wet 
process kiln requires approximately twice the fuel intensity of a modem dry process 
kiln (NSP method). The production capacity of each wet process kiln is small. To 
modernize the entire plant, now is the time to transform production styles and to 
concentrate production simultaneously.
The main reason why the fuel intensity of kilns No. 4 and No. 6 differs sharply 
among all dry process SP kilns is probably the difference in the clinker cooler types. 
The satellite cooler provided in kiln No. 4 has the advantage of a simple structure 
and easy operation. It is disadvantageous, however, from the energy conservation 
point of view. The difference of fuel intensity between the kilns will be reduced by 
replacing the clinker cooler of kiln No. 4 with the grate cooler.
The fiiel intensity of kiln No. 6 is good as compared with the other kilns. It still has 
room for improvement if the rate of operation improves.
Electricity intensity, 123.4 kWh/tonne, is also approximately 23 % higher than the 
equivalent international level 100 kWh/tonne for the cement particle size in I.R. 
Iran. Considering that there are not so many anti-pollution facilities, the difference 
will be still about 3 to 5 % larger. This difference arises mainly from the differences 
in the mill loaded operation and the mill operation control.
(2) Kiln No. 4 clinker cooler modification
Kiln No. 4 is a dry process kiln with a suspension pre-heater, as kiln No. 6. (see Fig. 
5.17). The fuel intensity of kiln No. 4 is 419 kj/kg-cl higher than that of kiln No. 6. 
The main cause for this seems to be the difference in the cooler type. About 3.5 % 
of oxygen content was detected in the exhaust gas at the kiln outlet of kiln No. 4. 
When using the grate cooler, this is normally less than 1 %. The difference is 
caused by bringing the total volume of air used for cooling the clinker into the kiln 
regardless of the air volume required for fuel combustion. It is one of the 
characteristics of the satellite cooler. 3.5 % of oxygen content in the exhaust gas is 
equivalent to about 15 % of surplus air volume which is a ratio of excess air volume
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to the theoretical combustion air volume. If the risk is taken by increasing the
supply of fuel, the heat load of the kiln sintering zone and the temperature of 
exhaust gas will increase, and various troubles will occur in the operations. If  the 
heat efficiency of the burning system improves, the theoretical air volume required 
for combustion will be decreased. Therefore, this excess air ratio will become 
higher. The combination of a suspension pre-heater and satellite cooler is obviously 
disadvantageous except for the simplicity of equipment. At present, satellite coolers 
are not operating in Japan.
The number of operating days per month of kiln No. 4 is 21. The health condition 
of the kiln itself seems to be a problem. The wear and damage of the satellite cooler 
and its peripheral kiln shell is highly noticeable. It appears that the problem has 
been fixed by reducing the heat load of the sintering zone and by preventing the 
pre-heater coating trouble caused by the temperature rise at kiln outlet. This has 
been done by shifting approximately 15 % of the fuel amount supplied to the kiln 
burner to the auxiliary burner at the pre-heater inlet section. The problem, however, 
has not been eliminated at the source.
This kiln can be modified into the same type as kiln No. 6 which has excellent heat 
efficiency. First, the kiln shell on the downstream side of the current third support 
point should be dismantled together with the satellite cooler. This shell must be 
replaced with a new shell which has the same diameter but a slightly longer body. 
Then, the new grate cooler must be installed at the clinker outlet portion of the new 
shell. A number of similar modifications have been carried out in Japan. Normally, 
the new cooler is installed while operation is continued.
By the above modifications, the extreme wear and damage of the kiln sintering zone 
and the health condition of the cooler can be recovered all at once. At the same 
time, the excessive secondary air which is more than air volume required for fuel 
combustion is no longer brought into the kiln. This will allow the kiln exhaust gas 
volume to decrease, and the heat efficiency will be improved. Also, the clinker is 
rapidly cooled down at the cooler inlet section after it is sintered at a higher 
temperature, which will improve the clinker quality.
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Fortunately, both kiln shell and cyclone of pre-heater are large enough. Therefore,
significant increase of production capacity can be expected depending on the draft 
capacity of the pre-heater exhaust fan. Since the plant has performed a record of 
2100 tonnes/d sometimes, it is very possible to increase the daily production to the 
3 000 tonnes/d level.
It is necessary to increase the capacity of the raw mill and cement mill departments 
by approximately 50 % each. For the raw mill department, this goal can be achieved 
simply by adding one vertical roller mill to this department. By adopting the above 
method, the electricity intensity of the raw mill department will be equal to at least 
the level of kiln No. 6. In the same manner, adopting the vertical roller mill for the 
cement mill department as the pre-grinding system will allow the capacity-oriented 
balance to be maintained and at the same time the electric power intensity can be 
improved.
(3) Modification of kiln No. 3
The dimensions of kiln No. 3 are larger than the other three wet process kilns. The 
inner diameter of the shell is 3.75 m. If the length is shortened to 65 m and it is 
modified to use the NSP method, this kiln will be transformed into a modem piece 
of equipment with a daily production capacity of approximately 2 000 tonnes/d. 
Once the modification of this kiln is completed, the operations can be consolidated 
in this kiln and the operations of the remaining 3 wet process kilns which require 
high fuel intensity can be stopped. However, since the operation of kiln No. 3 is 
stopped while the kiln is modified, this modification should be started after 
completion of the kiln No. 4 modification described next.
The kiln No. 3 will be relocated near kiln No. 4 or No. 6 after it is temporarily 
disassembled. A series of items of equipment including the electric precipitator, raw 
material mill, blending silo, suspension pre-heater with calciner, and grate cooler 
must be newly installed. Therefore, a large amount of investment capital is 
required. The existing support unit and driving unit of the kiln can be re-utilized 
after slight modifications. If all existing grinding mills used for the wet process
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kilns are utilized for cement mills and if all wet process raw material mills are
changed into cement mills, the balance should be retained.
The construction costs can be significantly reduced by making such arrangements, 
compared with the cost of a full new construction. From another standpoint the 
electricity intensity can be positively reduced by adopting the pre-grinding system 
using the roller mill. Also, the equipment can be revived by newly installing a large- 
size mill. This report, however, is based on the assumption that the existing mill can 
withstand continuous use at the present time.
(4) Improvement of kiln No. 6
Kiln No. 6 still has room for improvement with regard to its production capacity. 
The average monthly production of 77 286 tonnes/month corresponds to only 19.3 
d/month calculated in terms of operating days per month at 4,000 tonnes/d.
There were occasions, however, when the monthly production exceeded 100 000 
tonnes / month, such as in January and April 1995. If the monthly production is 
improved and always exceeds 100 000 tonnes / month, the amount of increased 
production will be equal to the total production of the 3 wet process kilns. Since the 
kiln was stopped during the plant visit, actual measurements could not be made to 
obtain conclusive evidence. A trouble with the raw material mill seems to be one of 
the reasons. It is assumed that there are no severe technological defects in the kiln 
and this goal can be achieved by a complete maintenance.
The electricity intensity of the raw material mill of kiln No. 6 is better than that of 
kiln No. 4. The fuel intensity of kiln No. 6 is also low. Therefore, if the rate of 
operation of this kiln is improved, it can contribute further to the improvement of 
the entire plant's profit rate.
The electricity intensity of the kiln department and cement mill department is high. 
For the kiln department, it is supposed that the operation of the clinker cooling fan 
of the clinker cooler may not be adequate.
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The electric power consumption of the cement mill department of both kilns No. 4
and No. 6 must be reduced by about 20 %. Troubles often occur in the mill motors 
of both the raw mill and cement mill departments at this plant. The mill motor is 
operated by partial control of the load. Since the efficiency of a ball mill has a 
characteristic of decreasing in the operation with a lighter load than the design 
value, it is not favourable to continue or repeat such a situation.
(5) Modification of kiln No. 7
It is difficult to improve the heat efficiency by modifying the existing pre-heater. 
However, it can be replaced with the cyclone type suspension pre-heater with a 
calciner. Also, the satellite cooler can be replaced with the grate cooler.
By carrying out the above modifications, it is expected that the present 2 000 
tonnes/d production capacity of kiln No. 7 will increase to 3 000 tonnes/d, and the 
fuel intensity will be reduced to 3.3 MJ/kg-cl.
According to the improvement measures suggested for No. 1 to No. 6 earlier, a 
production increase of 1 400 t/d has already been seen as a possibility. The 
production increase does not always result in immediate increase of profit. 
Therefore, it was decided to exclude this modification from the proposal to be 
submitted this time. Whether or not this modification can be applicable is a study 
for another time.
(6) Effects of improvements
The production form of the plant is drastically changed. As indicated in Table 5.15, 
the operations of the 3 wet process kilns No. 1, No. 2. and No. 5 are stopped. 
Production is consolidated in kilns No. 3. No. 4, No. 6, and No. 7. The following 
effects will be gained by adopting these improvement measures.
For the following investigations, 300 days is assumed, for convenience' sake, as the 
annual standard operating days.
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Heat Consumption
Existing After Modification
Kiln No Production
[t/d]
Intensity
[MJ/kg-cl]
Consumption
[GJ/300 ds]
Production
[t/d]
Intensity
[MJ/kg-cl]
Consumption
[GJ/300 ds]
1 300 7.1 640 611.0 0
2 300 7.1 640 611.0 0
3 600 7.0 1 205 856.0 2 000 3.3 2 009 760
4 2 100 4.0 2 505 919.5 3 000 3.3 3 014 640
5 300 7.1 640 611.0 0
6 4 000 3.6 4 270 740 4 000 3.3 4 019 520
Total 7 600 Average
6.7
9 904 348.5 9 000 Average
3.3
9 043 920
Saving based on the original capacity [m^/y] [GJ/y]
59 505 2 267 260.5
Power Consumption
- Existing After Modification
Kiln No Production
[t/d]
Intensity
[kWh/toime-cl]
Consumption 
[kWh/300 d]
Production
[t/d]
Intensity
[kWh/tonne-cl]
Consumption
PcWh/300 d]
1 300 110 9 900 000 0 0
2 300 110 9 900 000 0 0
3 600 110 19 800 000 2 000 110 66 000 000
4 2 100 128 80 640 000 3 000 115 103 500 000
5 300 110 9 900 000 0 0
6 4 000 124 148 800 000 4 000 112 134 400 000
Total 7 600 Average
122
278 940 000 9 000 Average
113
303 900 000
Saving based on the original capacity [kWh/y]
22 313 333
Table 5.15: Rationalization of Production
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a. Improvement of clinker production
After the modifications are carried out, the total production capacity of 3 kilns, 
No. 3, No. 4, and No. 6, will be 9 000 tonnes/d. This figure is 1 400 tonnes/d 
higher than the existing capacity of 7 600 tonnes/d. When the 2 000 tonnes/d 
production capacity of kiln No. 7 is added to this figure, the total production 
capacity will amount to 11 000 tonnes/d. It is believed that this figure can fully 
meet the present demands.
Supposing the marginal profit is 15.38 US$/tonne, an annual profit increase of 
6 459 600 US$/y (15.38 US$ x 1 400 tonnes/d x 300 d/y = 6 459 600 US$/y) 
will be possible according to calculations as a result of the above production 
increase. In actual conditions, equipment reliability will improve due to the 
modifications. At the same time, the production plan and preventive 
maintenance will become easier to carry out due to the consolidation of the 
production. The rate of operation in general including kiln No. 6 will improve. 
Therefore, the actual profit increase will be much larger than the above value.
b. Reduction of fuel consumption
The fuel intensity of the wet process kiln No. 3 itself will be reduced by half 
simply by modifying it into an NSP kiln. It is not difficult to achieve 3.3 
MJ/kg-cl on this scale by adopting the 5-stage type pre-heater. Furthermore, the 
effect, which will allow stopping the operations of the other wet process kilns 
that use high heat intensity, will be large. The annual fuel consumption can be 
cut down to approximately 42 527 m^/y calculated in terms of fuel oil.
If the existing satellite cooler of kiln No. 4 is replaced with the grate cooler, it 
will become possible to freely control the volume and temperature of the 
secondary air for combustion. The heat efficiency of kiln No. 4 will improve 
and the auxiliary combustion in the pre-heater being carried out at present will 
no longer be necessary. The production capacity of kiln No. 4 will be improved 
also so that the percentage of the radiation heat capacity will be somewhat
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reduced. As a result, the fuel intensity shall reach the international level of 3.3
MJ/kg-cl and the annual fuel consumption can be cut down by approximately 
10 385 mVy calculated in terms of fuel oil.
The present fuel intensity of kiln No. 6 is 3.5 to 3.6 MJ/kg-cl and this value is 
quite a good record in I.R. Iran. The fuel intensity of a similar sized kiln 
equipped with the grate cooler is normally less than 3.3 MJ/kg-cl. If the low 
rate of operation is the obstacle, maintenance will be improved at the point 
when a margin of production is gained due to the series of modifications given 
above from the entire production capacity, and the fuel intensity will 
automatically improve. As a result, the annual fuel consumption can be reduced 
by approximately 6 593 m^/y calculated in terms of fuel oil.
Summarizing the above, the annual fuel cut-down amount equivalent to the 
rated production capacity will be approximately 60 000 m /^y. The profit 
gained will be approximately 7 690 000 US$ per annum if the price of fuel is 
assumed to be 130 US$/m^. The fuel intensity after modifications will be 3.3 
MJ/kg-cl while the conventional average fuel intensity is 4.3 MJ/kg-cl. Kiln 
No. 7 was excluded from this calculation.
c. Reduction of electric power consumption
Not much can be expected from the reduction of electric power intensity due to 
the kiln No. 3 modifications. Sirtce the pre-heater and grate cooler are used in 
the kiln department, the electric power consumption increases on the contrary. 
If the existing ball mill is used in the new cement grinding section to save 
construction costs, it will be difficult to reduce electric power consumption 
here. The increased electric power consumption indicated above can be 
canceled only if the vertical roller mill is adopted as a new raw material mill.
Although doubt about the reliability of kiln No. 4 data still remains, the 
problem involving records will be solved as soon as the operation of the wet 
process kiln is stopped. The electric power intensity of the kiln department will 
increase slightly. However, if the vertical roller mill is used wisely for
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reinforcement of the production capacity of the raw material mill and cement
mill, considerable improvement can be expected from these departments. 
Judging from the equipment and facilities, the reasonable electric power 
intensity level is 115 kWh/tonne-cl.. It will be possible to reduce the electric 
power intensity by approximately 10 % from the present value. This value is 
equivalent to 8,190 MWh/y calculated in terms of annual consumption.
On the whole, the electric power consumption of kiln No. 6 can be reduced 5 % 
by continuing the long-period operation. In addition, 3 kWh/tonne-cl each can 
be reduced by improving the operating conditions of the clinker and cement 
mill. A total of 12 kWh/tonne-cl reduction can be achieved. This value is 
equivalent to 14 400 MWh/y calculated in terms of annual consumption.
Summarizing the above, the conventional average intensity 122 kWh/tonne-cl 
is reduced to 113 kWh/tonne-cl. Approximately 22 000 MWh/y of electric 
power is cut down annually. The profit increase will be 1 692 000 US$ 
annually if the power consumption unit is assumed to be 7.7 0 /kWh.
d. Reduction of environmental impact
As mentioned earlier, integration of production technologies allows increasing 
the production capacity by approximately 18 % over the conventional capacity 
even if 3 wet-type kilns out of 6 kilns-No. 1 to No. 6 kilns - stop operation. As 
clearly shown in Table 5.16, the annual consumption on the other hand is 
reduced by about 10 %. As a result of the measure for energy conservation, this 
should be natural, and at the same time it is vitally important in terms of 
reducing the exhaust of air pollutants.
Unavoidably, the combustion of the oil- and coal-type fuels causes the 
occurrence of harmful substances such as SO%, NOx, etc. Hence, the 
development of a technology for inhibiting the occurrence of these substances 
is currently a subject of international concern. This is also a problem that the 
cement industry, a representative example of fuel-intensive industries, must not
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avoid. Fortunately, however, the current wide use of SP and NSP systems
provides a satisfactory solution to this problem.
More specifically, in the suspension preheater, most of SOx content in the 
exhaust gas is absorbed by the material particles in the course of direct contact 
of the raw material and the combustion exhaust gas, since the rate of the gas 
discharged in the air is extremely low as compared with the long kiln. Besides, 
an NSP system of excellent performance can reduce NOx to 50 % or less as 
compared with the conventional kiln. Moreover, the reduction of the passing 
gas amount contributes to the improvement of the efficiency of the electrical 
dust collector. In addition to this, further improvement of the maintenance due 
to the integration of production facilities can inhibit the occurrence of dust. 
Thus, the implementation of this measure will remarkably reduce the 
environmental impact.
Such a measure as this has been, in many cases, implemented in the course of 
promoting energy conservation in the cement industry of industrially advanced 
countries, including Japan, for the purposes of both productivity and 
environmental conservation. This has been highly evaluated as one of typical 
measures for the modernization of plants. This plant, which is also located in 
the urban area, has the advantage economically, while at the same time, it 
should take a great responsibility for the environmental impact. In this respect, 
it is placed under similar conditions to industrialized countries. Hence, relevant 
governmental organs should positively offer their organizational, financial or 
technical support as required.
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(8) Summary of proposals
Table 5.16 summarizes the above proposals. The following effects can be expected 
by the modification of kilns No. 3 and No. 4 and by the improvement of No. 6: 
Activity Savings
Integration of production lines 3 kilns among 7 stop operating.
Clinker production increase 420.000 t/y
Reduction of fiiel oil consumption 59 505 mVX
Reduction of electric power consumption 22,590 MWh/y
Therefore, the investment amount of 53 099 000 US$ can be recovered within 3.3 
years by the annual profit increase of 15 979 000 US$.
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5.4 Energy conservation in the glass industry
This part devotes its attention to the glass industry. The investigation is presented 
in two sections. One, energy conservation in glass industry in general. Two, energy 
conservation in Ghazvin Glass Company. The first section-delvesrinto technical aspects of 
energy conservation. The second section derives from work done at the Sharif University of 
Technology in conjunction with the Energy Conservation Center of Japan (ECCJ). The 
ECCJ was invited by the Planning and Budget Organization of Iran to compare Ghasvin 
Glass Company with an excellent Japanese facility.
5.4.1 Energy Conservation in the Glass Industry in General
Glass making is an energy intensive industry with energy costs contributing 
significantly to overall costs and energy consumption representing a significant portion of 
total industrial consumption. To illustrate this point, consider the U.S. glass industry. In 
producing 21.3 million tonnes of glass products each year, the U.S. glass industry uses 633
trillion kJ (i.e., 2% of total industrial use). This consumption makes up 15% of total 
costs for the glass industry.
This section explores the potential for energy conservation in the glass industry. 
First, a survey of various technical issues in energy conservation is offered. Then, a 
comparison of two nations, the U.K. and Pakistan, provides a picture of industry-wide 
efforts in both nations. Finally, energy conservation for Iran's glass making industry is 
considered.
5.4.1.1 Regenerative Furnace Technology
Employing the principle of heat recovery, regenerative furnaces pre-heat air to 80% 
of flue temperature and reduce heat consumption by 20 - 30% of metallic or ceramic 
recuperator furnace consumption.
The regenerative furnace consists of pairs of burners. The members of each pair 
alternate between "burner" and "heat recuperator." The flue gasses from the burner are 
drawn into the heat recuperating burner and pass through a bed of refractory balls which 
absorb the latent heat in the gasses. Then combustion air travels through the bed and
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absorbs the heat to reach 80% of the flue gas temperature. Fig. 5.18 shows a typical glass
[76]melting tank with regenerator.
BATCH-HOPPER
PORT
FOREHEARTH
CLASSLEVEL
■REGENERATOR
Figure 5.18 Typical large glass melting tank [76]
The bed of refractory balls itself is an area where improvements are possible. At 
Rockware Glass Limited's (in the U.K.) Wheatly Factory, a new type of regenerator 
packing called "AZS corrugated cruciform" developed by SEPR Ceramics Ltd. provided
additional savings of 7.7% and had a payback period of 14 months.
A study conducted in Turkey showed that regenerative burners work most 
efficiently if the members of each burner pair alternate from burner to recuperator every
40-45 minutes.
5.4.1.2 Oxygen firing
Praxair Inc. of the U.S. has developed extensive experience in applying oxy-fiiel 
combustion technology to glass melters. They endorse switching from air-fired furnaces to 
oxy/fuel fired furnaces. One study showed a realization of 10 - 20% fuel savings from the
conversion to oxy/fuel firing.
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The Carl-Lowrey Glass Company of the U.S. reported a 15% reduction in natural
gas consumption and nitrous-roxide emissions became 1/10 of their original level after 
converting to oxy/fuel firing.
5.4.1.3 Furnace control technology
Adopting sophisticated fiirnace control systems provides a factory with increased 
reliability, accuracy and flexibility as well as potential energy savings. For example, 
Turnbull Control Systems of the U.K. manufacture systems which offer monitoring and
automatic control of every aspect of the ftirnace.
Redfearn PLC of the UK, operating fire furnaces with a total capacity of 1 016
tonnes/day, equipped a furnace with a computer control system. The system could monitor
the complete furnace condition at all times. Moreover, it could rectify conditions that were
not optimal. The installation provided a savings of 39% in the furnace and 40% in the
forehearths not simply due to automated control, but also due to the availability of data that
1711presented an accurate picture of the furnace conditions at all times.
5.4.1.4 Utilization of waste products from iron making
Blast furnace slag in the ironmaking industry can be transformed into Calumite, a 
material in vitreous form made of lime, silica and alumina. It is already in glassy phase and 
fuses easily. Therefore, incorporating it with raw materials provides glassmakers with the
1721opportunity to save energy and improve the quality of finished glass.
5.4.1.5 Forehearths and energy conservation
Although glass cools in most forehearths, forehearths still require energy to ensure 
thermal homogeneity. On average, a forehearth consumes 1 GJ/tonne of glass, or 6-12% of 
melting energy.
Like other energy-intensive steps in glass making, forehearths have received
considerable attention from energy conservationists. Improvements in forehearth design,
including insulation superstructure, have contributed to lowering energy consumption by
40-50% from levels 15 years ago. This decrease becomes 60-70% if one considers current
1731electric-heated forehearths.
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5.4.1.6 Other sources of energy savings
Examining every aspect of glass making produces a plethora of conservation 
alternatives that, in concert, generate significant savings.
PLM Glasindustrie Dongen sought to meet the Dutch government's targets of
cutting consumption by 20% by 2000. To do so, it has increased its use of cullet and
looked to incorporating a cullet pre-heater (i.e., heat-recuperator). In its various product
[741lines, cullet now makes up 40% to 80% of the ingredients.
 ^ Compressed air systems use a large portion of energy at a glass making plant (e.g., 
10% in the U.K.). However, it has been estimated that better housekeeping can provide a 
plant with 14% savings of total energy spent on air compression.
5.4.1.7 The U.K. Experience
The British glass industry produces 3 million tonnes of glass yearly. To do so, it 
consumes 49 000 TJ of heavy fuel oil, natural gas and electricity. This accounts for over
2% of the total energy used in industry.
In 1981, the energy-use breakdown by fuel type had the following pattern: 44.8% 
natural gas; 45.2% heavy fuel oil; 10% electricity. If the breakdown is done for each 
process in glass making, then the following results: 0.3% mixing; 88% melting and
annealing; 2% forming; 9% services; 0.5% administration; 0.3% transport.
Energy costs account for 30% of the glassmakers total costs and so energy 
conservation is of paramount concern to the industry (between energy audits in 1976 and 
1982, a 12% savings was realized). There exist, as seen in previous sections, numerous 
strategies available to the industry.
Electric melting offers a potential savings of 32% although, as yet in the U.K., this 
energy savings is offset by higher unit prices for electricity. Currently, electrically heated
forehearths have demonstrated their economic value, providing substantial gains over their
^  ^ [60] gas-fired counterparts.
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Improvements in regenerator design have provided savings of 5% and a further 5% 
can be expected by 2000 as plants introduce secondary regenerators. These regenerators 
could reduce exhaust gas temperatures from 500 °C to 250 ®C. However, they have longer
payback periods.
The industiy improved its control of combustion by analysing the oxygen content of 
the gases from which control systems were developed. The systems saved 1% of energy
consumed by 1990 and had a typical payback period of 6 months.
In Britain, further savings come with efforts to eliminate inefficiencies in annealing 
lehrs. Using hot gas recirculation, insulation and internal belt returns, 5% of energy spent
on annealing was cut.
As always, housekeeping practices are performed rigorously as significant savings 
result here. That is, a poorly run plant-site introduces waste and inefficiency throughout.
By 2000, the British glass industry expects to consume 14.8% less energy than it 
did in 1981.
The United Glass Factory in Essex, UK. was visited by the author in 1995 and 
there were some discussions with the energy manager about their experience in this field.
1 7 8 15.4.1.8 A case study in Pakistan
In 1986, Pakistan sought to reduce its energy consumption in the industrial sector. 
To explore its options, the government commissioned a study which showed that by 2005, 
21% of electrical energy consumption could be eliminated. Similar figures in the U.S. have 
been reported. Following this study, another study examined conservation of electrical 
energy within the sheet-glass industry with an eye to two related objectives: reduce kWh 
consumption and reduce power costs.
The particular plant chosen as a case study was the Nowshera Sheet Glass 
Industries (NSGI). The NSGI produces 15 kt of sheet glass, representing 18% of the
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national output. To do so, it spends 13.9 % of its costs on electricity which makes up only
1,77% of its energy used.
An audit showed that the NSGI could eliminate 18.95% of its electrical energy 
consumption, thereby reducing its energy costs by 2.63%. The savings came from three 
changes recommended by the audit.
One, in the frctoiy, there were 136 motors of varying sizes. Of these motors, 82 are 
rewound. Rewinding motors lose 3-7% efficiency and therefore should be replaced. A 
further 17 motors were classed as inefficient and replacing those motors was recommended 
as well. In total, replacing these 99 motors with electrically efficient motors (EEM) would 
provide the plant with $13 460/year and had a payback period of 6 months.
Two, the lighting scheme of incandescent and mercury lighting proved to be 
wasting energy. Converting to a more efficient lighting scheme saved the plant $9 495/year 
and had a payback period of 4 months.
Three, since the plant uses natural gas to fuel its melter and lehrs, it was 
recommended that the factory heating system adopt natural gas heating as opposed to 
electric heating. This resulted in yearly savings of $5 078 and had a payback period of 4 
months.
The audit studied the possibility of cogeneration as well. Although results proved 
positive, it concluded that a full feasibility study should be conducted.
Furthermore, the study examined how Pakistan bills its clients for electrical use. It 
found the billing system to encourage wasteful practices and provide little incentive for 
waste reduction. A change to a "per-kWh" based bill from a fixed charge bill could provide 
savings of 30% (from electrical costs).
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5.4.2 Results of the study at Ghazvin Glass Company
5.4.2.1 Outline of the Factory
(1) Plant name
Ghazvin Glass Company
(2) Plant address 
Ghazvin City
(3) Number of employees 
1,232
(4) Major products
Ordinary sheet glass, figured glass, and mirror
(5) Production capacity 
130 000 tonnes/y
(6) Process description
Four side-port regeneration tank furnaces are provided. Among them, two lines are 
used to manufacture ordinary sheet glass, while one line is used for figured glass. 
The remaining one line has an ordinary sheet glass manufacturing machine and a 
figured glass manufacturing machine, so that both products can be manufactured at 
the same time. Sheet glass is manufactured by using the Colburn method, while 
figured glass is manufactured by using the Roll-out method. An explanation of 
technical terms used in this section can be found in Appendix I: "Definitions: Glass 
Industry."
(7) Plant history
This plant was established by Industrial Mining Development Bank of Iran 
(IMDBI) and Pan-Alliance Corporation, a U.S. investment company.
Technology and engineering were furnished by General Glass Equipment Company 
in the United States. Construction was started in 1964 and completed in 1968, when 
production was started. As the manufacturing method, Fourcault method was used
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to manufacture ordinary sheet glass. However, in the initial stage, malfunction of
production occurred due to many technical problems. Therefore, cooperation with 
the U.S. company was canceled and a technical support agreement was made with 
Japan Sheet Glass Co., Ltd. in June, 1969. In 1970, No. 2 furnace was constructed 
and the ordinary sheet glass production facility using the Colburn method was 
started. In 1972, No. 3 furnace was constructed and, in 1978, No. 4 furnace was 
constructed. In 1976, the Fourcault type machine in No. 1 furnace was dismantled, 
and instead, a Roll-out type figured glass production facility was installed. In 1979, 
a Roll-out type figured glass production facility was installed in No. 2 furnace so 
that both ordinary sheet glass and figured glass could be produced.
Presently, there are four sheet glass production plants in I.R. Iran, with a production 
capacity of approximately 300 000 tonnes per year. The share of Ghazvin Glass is 
close to 40 %.
Heavy oil had been used for fuel, which was switched to natural gas in Furnace 
No.l in 1995. Since this is a governmental policy, heavy oil will gradually be 
switched to natural gas also for other furnaces.
(8) Plant layout
Figure 5.19 shows the plant layout.
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®  New power station (for future) 
©  Heavy oil tank 
®  L.P.G station (for future)
®  Natural gas station
Figure 5.19 Plant Layout
(9) Electrical diagram
Figure 5.20 shows the electrical diagram.
Amir A. Sadighi PhD Thesis, March 1998
Chapter 5, Energy Conservation in Industry 156
Furnace No. Itoo A
Air ccHnpressor No. 1
Furnace No. I
Furnace No. 2
Furnace No. 2
Water pump (for Diesel 5 ,6 )
Other
Water pump for No. 3
7 Other
Furnace No. 3
Air canpcressors No. 2, No. 3
Water pump (Not in service)
Vessel water pump
o
Furnace No. 4, water pump1,000 A
Furnace No. 4, machine No. 41.000 A
Other
< 3 D i Furnace No. 4, machine No. I
Raw material
Lime No. 1 ,2 ,3 Furnace No. 4, machine No. 21,000 A
Furnace No. 4, water pumpLime crusher dry mill 1,000 A
ï bÔÔÀ compressor No. 4Lime bagOlter
Work shop office
BI
s
1/3
2
I
Amir A. Sadighi PhD Thesis, March 1998
Chapter 5, Energy Conservation in Industry 157
(10) Outline of major equipment
No. 1 plant:
Side-port regeneration type glass melting fornace ........................................ 1 set
Roll-out type figured glass continuously manufacturing equipment 1 set
No. 2 plant:
Side-port regeneration type glass melting furnace......................................... 1 set
Colburn type ordinary sheet glass continuously manufacturing equipment ..1 set 
Roll-out type figured glass continuously manufacturing equipment............ 1 set
No. 3 plant:
Side-port regeneration type glass melting furnace......................................... 1 set
Colburn type ordinary sheet glass continuously manufacturing equipment ..2 sets
No. 4 plant:
Side-port regeneration type glass melting furnace 1 set
Colburn type ordinary sheet glass continuously manufacturing equipment .3 sets
5.4.2.2 Energy consumption status
(1) Trend of production
Table 5.17 and Figure 5.21 show annual production.
Production ratio of ordinary sheet glass is approximately 60 % and production ratio 
of figured glass is approximately 40 %.
Unit 1990 1991 1992 1993 1994 1995
Production lO^t/y 139.4 136.5 147.3 120.3 117.4 89.4
Table 5.17: Annual Data of Production
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Figure 5.21 Annual Production
(2) Trend of energy consumption
Table 5.18, Figures 5.22 and 5.23 show the data on annual energy consumption 
(heavy oil, natural gas, diesel oil, electric power) obtained from Ghazvin Glass.
Unit 1989 1990 1991 1992 1993 1994 1995
Heavy Oil lO^ m^ /y 64.12 71.42 63.77 72.76 73.74 75.39 66.65
Natural Gas lO^ m^ '/y 9.98 11.47 6.93 8.50 8.17 7.26 8.57
Electric Power City lO^kWh/y 12.7 12.7 12.7 12.7 12.7 12.7 12.7
Diesel lO^kWh/y - - 11.4 11.1 10.2 9.0
Total lO^ 'kWh/y - - " 24.1 23.8 22.9 21.7
Diesel Oil lO^ m^ /y - - - 3.23 2.79 3.36 3.01
Table 5.18 Annual Energy Consumption
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Figure 5.22 Annual Heavy Oil and Natural Gas Consumption
Amir A. Sadighi PhD Thesis, March 1998
Chapter 5, Energy Conservation in Industry 159
13
12
CL 1 1   City
Diesel
10
9
8 1989 19911990 1992 1993 1994 1995
Year
Figure 5.23 Annual Electric Power Consumption
(3) Trend of energy intensity (kJ/kg product)
Table 5.19 shows fuel intensity derived from the data obtained at Ghazvin Glass.
198^^ 1990 1991(2) 1992 1993 1994 1995( )^
Heavy oil 21 224 19 030 18 213 18 607 23 087 22 807 24 816
Natural gas 3 337 3 090 2 001 2 198 2 583 2 219 3 224
Diesel oil (833) (749) (812) 749 787 917 1 009
City power 1 097 883 946 845 1 038 1 001 1231
Total 26 491 23 752 21 972 22 399 27 495 26 944 30 280
Z Electric Power [kWh/kg] 0.156 0.189 0.176 0.205
Diesel power efficiency [%] 35.6 40.4 30.9 30.4
Remarks (1): No. 3 Plant: Cold repair
(2): No. 2 Plant: Cold repair
(3): No. 1 Plant: Cold repair
Note: Heat value of city power - 10 258 kJ/kWh
( )  - Presumed value, when it is assumed that the utilization ratio for gas 
oil is identical to that for 1992 to 1994.
Table 5.19 Annual Energy Intensity
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(4) Energy flow and energy intensity at normal operation
To obtain data for each furnace at normal operation, daily operation for the last one 
month (molten glass volume, cullet utilization ratio, melting energy consumption, 
and volume of product produced) was obtained.
S.4.2.3 Situation of Energy Management
(1) Setting the energy conservation target
No specific target value has been set yet. However, improvement in terms of energy 
conservation is applied at periodic repair of the furnace. The example is No. 1 
furnace that was periodically repaired last year.
Although not directly associated with energy conservation, a governmental policy is 
to switch the glass melting fuel from heavy oil to natural gas, which they are 
expected to follow. This policy was implemented for No. 1 furnace last year. 
Implementation for No. 2 furnace is being planned. For No. 4 furnace currently 
under periodic repair natural gas will be used after restart. For the promotion of the 
energy conservation, it is essential to raise the consciousness of every employee for 
energy conservation; therefore some incentive for such effort should be given.
(2) Systematic activities
In 1995, an energy committee was established. The number of its members is four. 
The frequency of convening this committee has not been determined yet. To 
promote company-wide energy conservation activities, the Energy Committee 
should be revitalized and cooperation between departments should be enhanced.
(3) Data-based management
The objects for these activities include the fuel consumption, excess air ratio, 
furnace temperature analysis, air infiltration volume, heat radiation from the furnace
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wall, measurement of the secondary air preheating temperature, etc., and 
measurement of electrical items such as current and voltage fluctuation, and power 
factor. On the other hand, the deterioration of the aged measuring equipment is a 
problem.
As the future subjects, acquisition of reliable data through enhancement of the 
measuring equipment and measurement control and data utilization through analysis 
of collected data are essential.
Since storage and maintenance of documents and data are in a poor state, any 
desired documents data cannot be promptly retrieved. This is a problem in quality 
control in its broad sense, but it is also important in terms of energy management.
(4) Education and training of employees
Organizations with which the factory staff keep contact for obtaining technical 
information are Planning and Budget Organization (PBO) and International Energy 
Study Institute. Some employees are attending the Energy Forum convened by the 
Ministry of Petroleum.
For training of general workers, a training leaflet was prepared but it is said to be at 
too high a level. Therefore, the leaflet has not been distributed. There is a 
commending system for effective improvement proposals but it is not particularly
intended for energy conservation. A problem which they raise is the fact that
employees are not conscious about energy conservation. Education on the necessity 
and techniques of energy conservation should be promoted.
(5) Equipment maintenance
The largest equipment are tank furnaces whose life is generally about eight years. 
No. 4 furnace has been operated for ten years, while on the other hand, the No. 3 
furnace currently in use shows signs of heavy degradation in the seventh year. 
Generally, equipment management does not seem to be sufficiently conducted.
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Concerning the workshop environment, there is no clean workshop excluding the 
diesel power plant. Cleanliness of the workshop is the cornerstone not only for 
equipment management but also for stable operation. These workshops are fairly 
inferior to the excellent factory. Employees should get accustomed to cleaning the 
workshops themselves. These are the problems in preventive maintenance.
S.4.2.4 Basic data for each furnace
The basic data for each furnace and the batch composition for each plant are shown 
in Tables 5.20 and 5.21 respectively.
No. 1 Furnace No. 2 Furnace No. 3 
Fumace^ ^^
No. 4 
Furnace
Date
MG(t/d)
May 1996 
107.6
May 1996 
128.2
16,17 
July 1996 
132.2
May 1996 
117.4
April 1996 
181.3
Batch (t/d) 75,5 92.4 118.3 80.0 121.0
Gullet (1/d) 47.0 54.3 37.6 53.4 84.5
Cullet (%) 38.3 37.0 24.1 40.0 41.1
Fuel (mVd) 41 424
Fuel (nf/d) 41.3 41.6 52.3 82.2
Fuel HI (kj/ m^ N) 39 777
Fuel HI (kJ/ Htre) 39 358 39 358 39 358 39 358
Atomized and purged air 
(m^ N/h)
(155+155) (530+155) (530+155) (700+195) (1 055+310)
Room temperature (®C) (22)*1 (22)*1 32*2 (22) (17)
Fuel temperature (°C) (22)*1 (78)*1 78*3 (78) (78)
Remarks (1): Natural gas; figured glass.
(2): Heavy oil; sheet and figured glass.
(3): Heavy oil; sheet gjass bronze color.
(4); Heavy oil; sheet glass just before C/R
Note *1: (): Presumed value.
*2: Measured data by anemometer. 
*3: Data at control room.
Table 5.20 Basic Operation Data on Each Furnace
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Unit No. 1 Plant No. 2,3 Plant No. 4 Plant
Silica sand kg 480 865 879
Dolomite kg 132 221 221
Lime stone kg 9 13 15
Feldspar kg - 43 42
Soda ash kg 156 282 283
Salt cake kg 11 11 14
Carbon - - -
Cullet % 37 37 (No.2), 
49 (No. 3)
41
Water in batch % 5.6 5.6 5.6
Total (except cullet) kg 834.7 1 520.1 1 540.3
Table 5.21 Batch Composition
5.4.2.5 Summary of heat balance
Table 5.22 indicates the heat balance calculated using the actual measured values 
indicated by the plant measuring instruments on the date of the investigation and 
supplemented by additional test equipment.
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Furnace N o .l  
May 1996
No. 2 
May 1996
No. &
16.17 July 1996
No. ■$ 
May 1996
N o.4  
April 1996
Items X IO ^
kJ/d
(% ) XIO'
kJ/d
(% ) XIO"
kJ/d
(%) XIO"
kJ/d
(%) XIO'
kJ/d
(%)
Heat — 
input
Fuel calorific 
value
164.76 (99.9) 162.54 (99.6) 163.71 (99.2) 205.83 (99.6) 323.53 (99.8)
Enthalpy of  
fuel
0.00 (0.0) 0.46 (0.3) 0.46 (0.3) 0.59 (0.3) 0.92 (0.3)
Enthalpy of  
air
0.13 (0.1) 0.13 (0.1) 0.80 (0.5) 0.17 (0.1) -0.38 (-0.1)
Total 164.89 (100.0) 163.13 (100.0) 164.97 (100.0) 206.59 (100.0) 324.07 (100.0)
Heat - 
ou^ut
Effective heat 
for raw 
material 
melting
27.93 (16.9) 33.08 (20.3) 36.51 (22.1) 29.81 (14.1) 45.76 (14.1)
Heat loss, 
exhaust gas
59.66 (36.2) 53.84 (33.0) 54.39 (33.0) 67.83 (32.9) 106.60 (32.9)
Heat loss, 
radiation Srom  
wall
42.08 (25.5) 58.79 (36.0) 58.79 (35.6) 80.56 (34.0) 121.30 (37.4)
Heat loss 
taken away by 
cooler
0.80 (0.5) 3.48 (2.1) 3.48 (2.1) 5.40 (2.6) 7.37 (2.3)
Others 34.42 (20.9) 13.94 (8.6) 11.80 (7.2) 22.99 (11.1) 43.04 (13.3)
Total 164.89 (100.0) 163.13 (100.0) 164.97 (100.0) 206.59 (100.0) 324.07 (100.0)
Heat-recovery (REG) 69.09 (41.9) 56.02 (34.3) 56.90 (34.5) 70.30 (34.0) 110.37 (34.1)
Table 5.22 Summary of heat balance
(1) Comparison of the furnaces
No. 1 furnace:
Reduction in heat radiation from the wall as a result of simple heat insulation and 
improvement in the regeneration heat recovery rate as a result of improving the 
checker work are recognized.
The reason why the loss represented as others is very large may be that the 
estimation error became large because the assumption was made based on the 
measurement data of the No. 2 fiimace.
No. 1 furnace is the only furnace that uses natural gas; therefore comparison with 
combustion of heavy oil cannot be estimated from this heat balance.
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No. 2 furnace:
This furnace was monitored.. Although the operation period is as long as 4.8 
years, two machines are running and the melting load is high. Therefore, the heat 
value for melting raw material as the effective heat value is 20 to 22 %, which is 
a satisfactory value for a small furnace.
For the No. 2 furnace, heat balance using the average value in May and heat 
balance using the average of the measured values on July 16 and 17 were 
calculated but there was no significant difference.
No. 3 furnace:
The operation period is 7.3 years and this furnace shows signs of heavy 
degradation. Bronze-color sheet glass was being produced. Due to shortage of 
draft, the melted volume was reduced. (73 % operation rate against normal 
operation rate MGS 150 tonnes/day). Heat balance was made based on abnormal 
data.
No. 4 furnace:
This is the largest furnace, but measurement could not be made because it was 
under periodical repair. Therefore, heat balance was made based on data of April 
of this year (9.8 years of operation). Since the No. 4 furnace showed signs of 
collapse, the molten glass volume is smaller. (75% operation rate against normal 
operation MGS 230 tons/day.)
5.4.2.6 Comparison with the excellent factory in Japan
The actual data in 1994 when no periodical repair of the kilns was conducted is 
used to determine the present values, on which energy conservation measures 
should be based, considering that period seems most stable. For the Japanese plant
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the data for 1989 is used and the average values per day for one kiln are shown in 
Table 5.23.
Item Ghazvin Glass Excellent
Energy intensity Oil (m"/d) 51.6 67.2
KJ/kg product 22 807 9 630
Production (t/d) 89 274
Yield (%) 68.7 75
MGS (t/d) 130 365
(m^/t-MGS) 0.397 0.184
Combustion control Excess air (%) 25 15
Regenerator heat 
recovery
Surface area (m^) 2 592 5 617
Table 5.23 Comparison Basic Data on Ghazvin Glass and an Excellent Factory
5.4.2.T Energy conservation techniques
a. Furnace wall heat insulation
1. Crown heat insulation: This is the most effective method. Heat radiation is 
reduced by approximately 20 % by means of one-layer heat insulation and it is 
reduced to 50 % or less by means of three-layer heat insulation. In this regard, 
however, high quality silica bricks should be used for the melting room to avoid 
danger.
2. Side-wall heat insulation: Heat insulation should be provided except for the 
joints of brick work. To this end, single-piece large blocks matching the height 
are used so that horizontal masonry joints will not be provided.
3. Bottom-block heat insulation: Simple heat insulation should be applied except 
for the joints of brick work. Even after this measure, heat radiation amounts to 
about 50 %. Actually, heat radiation from the joints is large. To cope with this 
more effectively, it is advisable to take a laminate insulation method, where the
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joints are also insulated. In this case, however, sub-pavement is required below
the pavement and sufficient care must be given to treat thermal expansion.
Also, it is necessary to apply magnetic separation so as to prevent metallic 
materials from coming in from the raw material batch and cullet.
4. Heat insulation effect: For the current status of Ghazvin Glass furnaces, simple 
heat insulation is applied to the No. 1 furnace, but no heat insulation is applied to 
the No. 2 and No. 3 furnaces (No. 4 furnace under periodic repair).
If such simple heat insulation as for the No. 1 furnace is applied to all the 
furnaces, approximately 5 % energy conservation will be possible. If heat 
insulation as heavy as that for the excellent factory is applied to all furnaces, 
energy conservation shown in Table 5.25 can be achieved.
Increasing the secondary air preheating temperature
1) Making checker brick work as high as possible
To increase the secondary air preheating temperature as much as possible, it is 
necessary to increase the heat recovery rate in the regenerator.
For this purpose, it is effective to increase the heat transfer surface area of the 
checker brick. To increase the heat transfer surface area of the checker brick, 
there are two methods available: one is to make the size of the regenerator larger 
(i.e. increasing the checker brick height), and the other is to improve the checker 
brick work. For making the regenerator larger, investment may be relatively 
small for a newly installed regenerator. For an existing regenerator, large 
investment is required. Therefore, making checker work as high as possible 
should be elaborated in an existing regenerator.
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2) Method of checker work and heat transfer surface area
There are several methods available for checker work. The heat transfer surface 
area varies depending on the brick thickness and size even though the same 
brickwork method is used. Regardless of the heat transfer surface area, the 
difference in thermal conductivity due to the brick material affects the air 
preheating temperature. Recently, either basic (magnesia) bricks or electrocast 
bricks have come to be used in all cases; therefore there is no significant 
difference.
3) Current status of Ghazvin Glass and estimation of the improvement effect
The No. 1 furnace is as excellent and competitive as that of the Japanese factory. 
However, since the regenerator was originally small, the load per heat transfer 
surface area is not so different from those of the other furnaces. For reference, 
the load per heat transfer surface area in the excellent factory is 4 to 7 m^  /m^h, 
which is a half or less than the load in the Ghazvin factory.
If the same checker work as that in No. 1 furnace is used and the effective 
checker height is 5.4 m. (i.e. the current regeneration height is maintained but the 
rider arch is lowered), approximately 5 % energy conservation can be expected 
for the No. 2, No. 3, and No. 4 furnaces.
c. Reduction in the excess air volume
The second largest energy conservation factor is reduction of the excess air volume. 
Since the average 0% above the checker brick in the regenerator measured in the No. 
2 furnace is 4.18 %, approximately 25 % excess air is supposed to exist. In the 
Japanese factory, excess air is approximately 10 %.
For reduction in excess air, approximately 15 % should be reduced by maintaining 
stable operation and enhancing combustion control even without major 
modification such as dividing the regenerator for each port.
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This trend may be applicable to furnaces other than the No; 2 furnace; therefore 
exhaust gas should be analyzed on a regular basis to enhance control.
d. Other energy conservation techniques
It was noticed that openings such as the peep hole on the furnace wall are of open 
type, a large volume of cool air comes in from the area around the burner tile, and 
the cooling blower under the blowout port is too strong and continuously running. If 
many minor points are improved and maintenance and control for furnace wall 
sealing are enhanced, at least 1 % energy conservation can be achieved.
e. Melting load and energy conservation
The melting load is the molten glass volume per unit area in the melting chamber. 
As the melting load is higher, energy per molten volume is smaller, thus leading to 
energy conservation.
The melting load varies depending on the quality required for the product as well as 
on the raw material and melting technique.
What determines the current melting capacity (i.e. melting load) is not the furnace's 
melting capability but the machine's "pull" capability. In other words, the furnace 
temperature is 1 500 “C as the maximum and has an allowance (up to 1 580 °C 
possible). For increasing the forming machine's pull capability, 50 % speedup can 
be achieved through slight modification of the roll. Therefore, for No. 1 and No. 2 
furnaces, full-capacity operation is possible.
On the other hand, for the Colburn machine used to manufacture ordinary sheet 
glass, an approximately 20 % speedup may be achieved through step-by-step 
efforts. Although the No. 3 and No. 4 furnaces do not reach the full capacity, the 
melting capacity can be increased to 200 tonnes/day and 300 tonnes/day, 
respectively.
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For the float furnace (being planned), the pull capacity matching the furnace
melting capability is possible. Hence improvement of the melting load leads to 
improvement of the melting capability.
If the furnace design is appropriate and operation and maintenance are properly 
controlled, the melting capability may as well be said to be influenced by the raw 
material.
Ghazvin Glass traditionally uses silica sand obtained by crushing quartzite. 
Therefore, silica sand with proper grain size distribution cannot be obtained, and in 
an actual case, the melting capability was largely reduced.
f. Scale merit and energy conservation
As the size of a furnace increases, the molten glass amount per unit area increases. 
Increasing of the molten amount reduces the energy consumption per molten 
amount, leading to energy conservation.
A large amount of investment is required for making a fUrnace larger, that is, 
integrating small furnaces into larger ones, which may seem impossible. However, 
as shown in experiences of Japanese glass factories, along with the introduction of 
the epoch-making forming method called "Floating Process", the number of 
furnaces which can produce the same quantity of product decreased from 29 to 17 
during the period of ten years from 1973. In other words, the molten amount of 
average 250 tonnes/d per furnace increased to not less than 400 tonnes/d. This leads 
to a 15 % decrease in energy intensity.
Presently in I.R. Iran, they are behind other countries in switching to the floating 
process, and the first furnace of this type is currently being planned.
In the example of Ghazvin Glass, if the new float process furnace (500 tonnes/day) 
being planned is installed, the No. 4 furnace can be modified into a two-machine 
figured glass plant. Production can be increased by 60% even though the No. 1, No.
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2, and No. 3 furnaces are out of service, therefore, a large amount of energy
conservation can be expected.
g. Improvement of yield and energy conservation
Energy conservation is finally evaluated in terms of energy intensity per product. 
Therefore, improvement of the yield results in energy conservation.
Yield is, in a narrow sense, the product volume against the pull-up quantity, while 
in a broad sense, it includes the operation rate, loss caused by accidents, etc. In this 
report, yield refers to that in a broad sense.
Unfortunately, since annual data do not provide data of the molten glass (MG) the 
yield is unknown. On the other hand, data of the average values in the last one 
month shown in Table 5.23 indicates that the average of those for four furnaces is 
68.7 %, which is fairly good. Individually, the furnace producing figured glass is 
very good, while the furnace producing ordinary glass, particularly No. 3 furnace, is 
not satisfactory. Since this yield varies depending on the required quality, 
comparison with the Japanese factory is difficult, but the yield may be increased to 
at least 75%. If the yield is increased to 75 %, it corresponds to 5.8 % energy 
conservation.
h. Power receiving/distributing facility
1) Power receiving/distributing facility
Via four transformers, 400 V is supplied from two 20 kV lines to four lines and 
the raw material plant. On the other hand, 400 V power generated by eleven 
diesel power generators is supplied to the most important equipment in the 
factory.
2) Measurement result
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Details on measurement are as follows. For the No. 4 furnace, measurement was 
impossible because it was out of service. Table 5.24 shows the measurement 
result.
Measurement Items Line Power Consumption
Power (kW) Cos (%)
Volt
(V)
Rating
Power (kW)
Remark
Source
Aline DG 340 81 418 848 + 736 1 X 736 kW operating
B line DG 384 85 421 736 x4 1 X 736 kW operating
DG total 724 83 4 528
City power CPI 559 80 382
CP2 249 84 392
CP4 238 89.4 392 CP 3: non operating
CP total 1046 83.1 2 500 Contract
Source total 1770 83.0 7 020
Load
Furnace No. 1 DG 128 75 406 205
Furnace No. 1 CP 221 78 376
Furnace No. 2 DG 139 75 407 185
Furnace No. 2 CP 138 85 384
Compressor #1 DG 129 77 411 150
Compressor #4 CP 123 81 390 150
Furnace No. 3 DG 223 89 401
Furnace No. 3 DG 8.3 76 403 11 (including Upper)
(Fan No. 7)
Furnace No. 3 CP 170 83 377
Furnace No. 3 CP 7.7 77 374 11 (including Upper)
(Fan No. 6)
Furnace No. 4 DG 454 - stopFurnace No. 4 CP 471
Raw materials CP about 500 kW 380
Total DG: 619
CP: 1152
Factory total 1771
Note: GP: Diesel generator power (most important), CP: City power (important)
Table 5.24 Measurement Result of Consumption
3) Discussion on the measurement result
For electric energy used in 1995, power generated (DG) is 10 562 MWh and city
power purchased is 11 212 MWh (totally/21 776 MWh). Therefore, the ratio cT.'/between both is close to 1: 1. When measurement was conducted, the No. 4 plant 
was out of service, therefore power generated (DG) was 619 kW and city power 
was 1 162 kW (totall^ 1 771 kW), which are small. Since power used by the No.
4 plant was approximately 1 000 kW according to the past record, these . 
measured values are reasonable.
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Power contracted to be supplied by city power is determined to be 2 500 kW 
(Demand; 2 250 kW), which corresponds to the total used amount. Therefore, 
this contract is too large.
Since this factory is at a high location over the sea level, high-loaded operation 
of the DG is difficult. Normally, the diesel engine reduces its output when air 
density is lower. The degree of output reduction is said to be approximately 10 % 
when the altitude is 1 300 m. To cope with this problem, ventilation of room 
should be maintained, the temperature should be low, and air should be 
pressurized and supplied by a supercharger as required. For this improvement, 
consultation with the manufacturer is recommended. As a result, power 
generated by the DG can be increased and power generation can be made more 
efficient. Additionally, heat held by the engine cooling water should be utilized 
efficiently.
On the panel in the DG room, partial voltage and current in the city power circuit 
were measured and recorded. Also, the single-phase load in the factory was 
checked.
As a result, it was found that current is unbalanced and wire current variation 
tendency is identical although the supply voltage is well-balanced. The cause of 
this unbalance may be load connection in the factory.
For example, the electrode load (25 kVA x 2) for the process No. 2 furnace is 
considered to be one of the major causes and other single-phase loads are also 
considered. Therefore, for a capacity with a large electrode load, connection 
should be changed so that three phases will be balanced or three phases should 
be balanced by using a special transformer.
The present electrode load was only the city power used for process No. 2. If the 
load is also used for the process No. 3 and No. 4 DG circuits, unbalance among 
three phases may possibly occur.
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Consequently, voltage unbalance in the load circuit will result, affecting motor
performance. Current unbalance on the motor may result in torque reduction and 
overheating, and sometimes, vibration, and noise. Thus, it is important to balance 
three phases.
Air compressors in use were of the water-cooled reciprocating type (150 kW) 
and two of four compressors were in service. The air pressure was 5.2 kg/cm^ 
and the compressors were being used for combustion and machine operation. As 
a result of study, the following measures are required:
First, air leakage was found on the reduction valve fixing part at the site. This 
problem may exist elsewhere; therefore it is necessary to check for air leakage on 
a regular basis to stop it at an earlier stage. Second, since the cooling water inlet 
temperature is as high as 45 ®C, it is necessary to reduce the cooling water 
temperature as much as possible.
As an effect, power used is reduced by 2 to 3 % if the cooling water temperature 
is 5 ®C lower. Actions against air leakage normally reduces power used by 6 to 
10 % although this reduction depends on the degree of air leakage. Therefore, a 
10 % total reduction can be expected and approximately 216 720 kWh (= 252 
kW X 0.1 X 8 600 h/y) can be reduced annually.
(i) Conclusion
Energy conservation measures are divided into three phases. Table 5.25 summarizes 
the measures, expected effects, presumed investment, etc.
This table also takes into account the relationship with the actual periodic repair 
time. If start of the float furnace indicated in the third phase is earlier, large 
correction is required.
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The number of motor vehicles on the world's roads has doubled since 1973 and is 
approaching 600 million in the mid-nineties, this is shown in Fig. 6.1. Most projections
show rapid increases in the decade ahead, particularly in Asia. [79]
Million 600
OtherVehicfc» ^  , .
Passenger
1930 1940 1950 1960 1970 1980 1990 2000
Fig. 6.1: World Road Vehicle Fleet, 1930-91 [79]
Fig. 6.2 shows rough estimates of the daily per capita energy consumption at six 
stages of economic and technological development, spanning some one million years of 
human history. These figures are based respectively on societies in East Africa 1 000 000 
B.C., Europe 100 000 B.C., Fertile Crescent 5000 B.C., Europe A.D. 1400, Britain A D. 
1875, and the U.S.A. A.D. 1970. It can be seen that transportation accounts for nearly a
quarter of the energy used in U.S.A. Transportation in the U.S.A. costs approximately
ro 1150 000 human lives and millions of injuries each year.
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Fig. 6.2: Daily Per Capita Energy Consumption at[81]Six Stages of Human Development
By requiring automobiles to improve their average efficiency between 
1980-1995, 5 275 TJ annually, or 2.5 million barrels of oil per day could be saved in the 
U.S.A. Indeed, the cost of achieving a 17 km/litre or more average fleet efficiency should 
be no more than $80 billion, this expenditure (discounted over the 10-year life of new 
machining tools, equipment, etc.) would save an enormous amount of energy at a cost of 
only $3.79 to $4.74 per GJ. This translates into a cost of gasoline saved of about $0.13 per
litre.
The alternatives for reducing transportation energy consumption can be organized 
into five general categories as follows:
1. Shift traffic to more efficient modes
2. Increase load factor
3. Reduce demand
4. Increase energy conversion efficiency
5. Improve use pattern
Amir A. Sadighi PhD Thesis, March 1998
Chapter 6, Energy Conservation in Transportation______   179
The savings potential of improving vehicle efficiency is much larger than that of
any of the other approaches, because motor vehicles now consume the major share of
transportation energy and operate at efficiencies below the state of the art. The major
disadvantage of this measure is the relatively long implementation time - requiring in the
1821order of 20 years to realize its full benefits.
Former President Ford at the 1980 Republican National Conference in Detroit said
"If we can put a man on the moon in the sixties, we can put a man in a fuel efficient car in 
1831the eighties." At the present time the American automobile industry is not as efficient
as it could be, but a lot of research has been carried out in this field in other countries in the 
world, and the object of this chapter is initially to study the different measures which can 
be taken for more efficient use of energy in transportation in developed and developing 
countries, and to determine how these measures could be applied to Iran.
6.1 Energy conservation in transportation in General
In this part the following topics will be discussed:
• Transportation and economy.
• Technical aspects of energy conservation in transportation.
• Management aspects of energy conservation in transportation.
• Alternative forms of transportation.
• Electrical vehicles.
• Transportation, and developing countries.
6.1.1 Transportation and economy
Transportation forms a major component of the national output and accounts for 
over 15 per cent of national expenditure in Great Britain. A substantial part of this is 
accounted for by consumer expenditure, the remainder is undertaken by firms. While the 
UK's relative expenditure on transport is roughly in line with that found in the US, it is 
slightly atypical within Europe where it is at the top end of the spectrum, for example, in 
Belgium 12.9 per cent of income was spent on transport in 1989, in Italy it was 12.9 per 
cent and in the Netherlands 11.3.
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The main cause of the upward trend in expenditure on transport is due to a rise in 
the amount of travel undertaken and in the physical quantity of goods moved and the 
distance over which they are moved. As a rough guide, passenger transport has grown by 
about 35 per cent over the 1980s while freight transport has risen by around 20 per cent. 
(Table 6.1)
Table 6.1 also reveals another important set of trends, namely the changing relative 
and absolute by the different, individual modes of transport. It is quite clear that travel by 
road has risen substantially. Car and motor cycle travel dominate personal transport both in 
terms of traffic carried and monies expended. It can also be seen that the dominance of 
private (that is, motor car and motor cycle) transport over public modes is increasing both 
relatively and absolutely over time. The rise in private transport use is closely related to 
higher car ownership levels-although the question of cause and effect is a complex one. 
What should also be remembered, however, is that while the use of private transport is 
rising, the role of public transport^ especially for commuter trips into large cities is still 
very important. Table 6.2 provides details of the modes used for morning peak period travel 
into London. As can be seen, private transport is the minority mode here. This, in fact, is 
often the picture found in many European cities where public passenger transport still 
fulfils a major transport function but is not the case in North America where private cars 
dominate commuter travel.
R oad R ail A ir All m odes
Buses and 
coaches
Cars and 
vans
Motor
cycles
Pedal cycles All road
% % % % % % % %
1985 49 9 441 81 8 1 6 1 504 93 37 7 4 1 544 100
1986 47 8 465 82 8 1 5 1 525 93 37 7 4 1 566 100
1987 47 8 500 83 7 1 6 1 560 93 40 7 4 1 604 100
1988 46 7 536 84 6 1 5 1 593 93 41 6 5 1 639 100
1989 47 7 581 85 6 1 5 1 639 93 40 6 5 1 684 100
1990 46 7 588 85 6 1 5 1 645 93 40 6 5 1 690 100
1991 44 6 584 86 6 1 5 1 639 94 38 6 5 1 682 100
1992 43 6 587 86 5 1 5 1 640 94 38 6 5 1 682 100
1993 43 6 585 86 4 1 5 1 637 94 37 5 5 1 679 100
1994 43 6 596 87 4 1 5 1 648 94 35 ■ 5 5 1 689 100
1995 43 6 594 86 4 1 5 1 646 94 37 5 6 1 688 100m rTable 6.1; Passenger transport for U.K.; by mode: 1985-1995 
(Billion passenger kilometers/percentage)
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1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Public transport: 
Surface rail 401 421 449 468 473 458 426 401 382 392 395
London 
underground 
& Docklands 
Light 
Railway
364 381 401 411 390 368 347 337 340 346 348
Bus 94 91 79 80 73 70 74 61 64 63 63
Coach/minibus 26 25 21 21 23 20 20 24 20 23 21
All public transport 885 918 950 980 959 916 866 823 806 824 827
Private transport: 
Private car 171 166 161 160 161 158 155 150 150 145 145
Motor cycle 15 13 11 10 13 11 12 11 11 11 11
Pedal cycle 11 8 8 7 10 9 9 9 9 9 10
All private transport 197 187 181 177 183 178 175 169 170 165 166
All transport 1 082 1 105 1 131 1 157 1 142 1 094 1 042 992 977 989 993
Table 6.2: Commuters (thousands) into London during the peak traffic period [84]
Table 6.3 draws upon Family Expenditure Survey data to show another aspect of 
transport, namely the share of household expenditure which goes to transport for different 
income groups. What is found is that the proportion of expenditure which is devoted to 
transport tends to rise overall with household income reflecting the "superior good" nature 
of the activity. The same data source also reveals the use made by different income groups 
of the various modes. The railway mode is used primarily by those in the higher income 
groups, as is the private car. In contrast, bus transport is used disproportionately more by 
the poorer sectors of the community. The Survey ignores business account travel which is 
likely to be undertaken mainly by the higher income groups.
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Weekly 
household 
income (Pounds)
food Housing fuel, light 
& power
Alcohol Tobacco Clothing &  
footwear
Household
goods
Transport 
& vehicles
o ther
goods
Total (•/•)
Under 60 27.2 14.1 10.0 3.7 4.3 5.2 12.5 6.8 16.2 10060 to 99 25.4 21.6 9.6 2.8 3.5 5.4 11.2 8.4 12.1 100100 to 149 23.0 22.2 7.2 3.7 3.3 6.6 10.5 9.3 14.2 100150 to 199 20.1 20.1 5.9 3.4 2.8 5.6 9.8 14.6 17.7 100200 to 249 20.5 19.5 5.6 4.7 2.8 6.2 10.9 14.8 15.0 100250 to 299 19.2 17.1 4.6 4.3 2.4 6.6 13.6 16.7 15.5 100300 to 349 19.3 17.1 4.8 4.8 2.4 6.8 11.5 17.0 16.3 100350 to 399 18.7 16.0 3.9 4.6 2.0 6.5 11.5 17.5 19.3 100400 to 524 17.7 15.6 3.9 4.6 1.9 7.1 11.8 18.4 19.0 100525 and over 15.8 16.4 3.1 4.5 1.2 7.9 . 12.1 18.3 20.7 100
All 18.8 17.4 4.8 4.3 2.2 6.9 11.7 16.2 17.8 100
Table 6.3: Household expenditure in the United Kingdom by income group (% of
reported expenditure in (1989)
The public sector plays an important role in transport. It both provides and 
maintains a considerable amount of infrastructure as well as being responsible for those 
modes operating within the nationalised transport sector. The employment in the different 
transport sectors for and related activities is shown in Table 6.4. It is clear that transport is 
responsible for a substantial number of jobs in the national economy and that the public 
contribution, for example the railways, is significant. Additionally, in financial terms public 
expenditure on transport forms a major component of total UK public expenditure both at 
the local and national levels. It is worth noting that about 50 per cent of the public 
expenditure on roads, public transport and ports is by local rather than central government.
Occupation Employees
Transport managers 42
Garage/service station staff 25
Travel agency managers 20
Air traffic planners/controllers/flight deck officers 10
Ship & hovercraft offîcers/seafarers 20
Travel & flight attendants 27
Railway workers 43
Bus workers 100
Drivers of road goods vehicles and driver's mates 180
Gab drivers & chauffeurs 114
Goods porters 23
All others not specified above 526
Total 1132
Table 6.4: Employment (thousands) in transport in Great Britain, 1995 [84]
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External transport to and from the UK has also increased (Table 6.5)
although reliance on physical measures often obscures the value or importance of goods
traffic. Table 6.5 provides an indication of this measurement problem. The UK is typical of
a developed economy which tends to import low-value, bulk raw materials and export
high-value, non-bulk manufactures. This explains the wide difference in the inward and
outward flows of shipped tonnage. The growth in air traffic is due, to a larger extent, to the
1851growth of international tourism with a more gradual expansion of business travel.
Mode 1982 1985 1988 1991
Foreign sea (million tonnes) 
Inwards 120.7 139.9 166.4 178.1
Outwards 130.3 147.8 141.7 142.7
Foreign air
(Thousand passengers) 
Inwards 6911 9 413 10 968 11 341
Outwards 12 031 13 732 21 026 20 173
Table 6.5; International transport to and from the United Kingdom [85]
Transportation has a major influence in the U.S.A. Where cities and suburbs have 
been shaped by the automobile, and in a few locations by public transit systems. One 
percent of the land has been given up to roadways. The road area in the United States is 
nearly double that of all the national parks, but still only about one fortieth that of farmland. 
The fuel alone to power transportation systems accounts for 25% of the total national 
energy budget, and the construction and maintenance of the roadways and manufacture of 
the vehicles accounts for a significant additional fraction. Indicating the value placed on 
transportation, only food and housing represent greater expenditures for the average citizen, 
who spends about 10% of personal income on transportation.
In the United States one fourth of all retail sales are related to the automobile 
industry, nearly one fifth of Gross National Product is accounted for by motor vehicles and 
allied industries, and one sixth of American workers are employed in the manufacture, 
distribution, service and commercial use of motor vehicles. Choices in mode of 
transportation are reflected to some degree in the amount of fuel consumed by each mode, 
which is shown in Tables 6.6 and 6.7 for both passenger and freight transport. It is clear 
from this and other indicators that the personal automobile is overwhelmingly the favourite, 
and any national programme to conserve ftiel in transportation must focus on the biggest
user, the a u t o m o b i l e . S o m e  70 percent of households with incomes of $15,000 and over
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own more than one car, 
6.3.
Energy use for transportation in the U.S. is shown in figure
GJCIO"') Percent
Light-duty vehicles 12.6 54
freight trucks 5.4 23
Air transport 3.5 15
Marine 1.2 5
Rail 0.4 2
Total 23.1 (3.8x lO^bbl petroleum)
Table 6,6: Energy used in U.S. Transportation (1990) [86]
Passenger Transportation M J /  Passenger km
Bicycle (12 km/h ) 0.20
Walking (5 km/h ) 0.35
Bus 1.12
Train 1.73
Automobile 3.56 (driver only)
Aircraft 4.71
Freight Transportation M J / tonne km
Pipelines 0.29
Waterways 0.35
Railroads 0.44
Trucks 1.52
Aircraft 24.01
Table 6.7: Energy Intensities in Various Forms of Transportation [86]
Truck
24%
3% Misc. passenger. Incl. 
bus and rail Automobile 60%
4% Pipeline
4% Water
3% Rail freight ^  
6% Miliurv
7% Air
Fig. 6.3: Energy use for transportation in the U.S., 1978 [81]
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The present transportation system is emphatically centred about the private 
automobile in the U.S. More than three quarters of the 137 million motor vehicles are 
passenger-carrying automobiles. The attraction of the private auto is obvious: The 
reliability, privacy, luxury and flexibility it offers in arranging people's travel are 
unmatched by any other known system of passenger transport. Table 6.8 shows different 
means of transportation to work in U.S. It can be seen that two thirds of American workers
drive to work alone. One automobile is in use for every 2.3 Americans (including
children) and travels on average about 18 500 km/year (11 500 miles/year) and consumes 3
300 litres (870 US gal) of gasoline along the way. [88]
Workers (x 10 )^ Percent
Drive alone
Automobile 44 830 56.0
Truck 7 464 9.3
Car-pool 15 575 19.4
Public Transportation
Bus or streetcar 3 100 3.9
Subway or elevated train 1 179 1.5
Railroad 405 0.5
Taxicabs 141 0.2
Other means 1 067 1.3
Walk 3 778 4.7
Work at home 2 585 3.2
Table 6.8; Means of transportation to work in the U.S. [86]
By 1978 the dependence on foreign supplies by the U.S. had grown to 44%, 
equivalent to 3.05 billion barrels of oil costing 39 billion dollars a year. In the first half of 
1981 the U.S. imported petroleum at the rate of only 2.14 billion barrels per year, but this 
was still over 36% of their total supply. A more than doubling in price raised the total cost 
by more than 75%. In 1973 only 5% of total supply was imported from OPEC nations. In
the first half of 1981 OPEC supplied 12% of the U.S.'s petroleum needs.
The U.S has already depleted about 60 percent of its proven recoverable petroleum 
reserves. The U.S. Department of Energy forecasts that U.S. oil production, including 
natural gas liquids, will decrease from about 11 million barrels per day in 1986 to fewer 
than 8 million in 2000. At the same time petroleum imports are forecasted to increase from
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about 5 million barrels per day in 1986 to almost 10 million in 2000. Thus, by 2000, 
imports would account for 50 to 60 percent of total oil consumption in the U.S.
The U.S. oil consumption in four major sectors of the economy for 1973 and 1990
is shown in Fig 6.4. The only sector which has not reduced its oil consumption is the 
1911transportation sector.
011 consumption in millions of barrels a day
12
5 -
3 -
Electric
Power
ResidentW
Commercial
Industrial Transportation
Fig 6.4; U.S oil consumption in four major sectors, 1973,1990 
(in millions of barrels a day)
[91]
Transportation is a major part of Canadian economic life. It is responsible for about
7.5 percent (1977) of the real domestic product and employs directly 7 per cent of the total
work force, divided roughly 2/3 in the operating system and 1/3 in equipment manufacture;
[92]and it accounts for about 13 percent of the average family’s budget.
A survey in Sweden indicates that the intra-city and inter-city average distance
[931traveled per person for the year 2000, will be 9 900 km and 4 900 km respectively.
6.1.2; Technical aspects of Energy Conservation in transportation
The policy actually chosen was one that substituted fuel-economy standards for fuel 
price incentives to influence automobile design. Beginning with the 1978 model year, all 
manufacturers of motor vehicles sold in the United States would be forced to meet a fleet 
average economy of 7.6 kilometres per litre for new passenger cars which thi^ was to rise
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to 11.6 km/litre for passenger cars by the 1985 model year, the level at which it remains
today (Table 6.9). Thereafter, the Department of Transportation of U.S. was empowered to
set each model year’s target based on technical practicability, economic feasibility and the
[91]need for conservation.
Model year Passenger
cars
All light trucks Two-wheel 
drive light 
trucks
Four-wheel 
drive light 
trucks
1978 18.0
1979 19.0 17.2 15.8
1980 20.0 16.0 14.0
1981 22.0 16.7 15.0
1982 24.0 17.5 18.0 16.0
1983 26.0 19.0 19.5 17.5
1984 27.0 20.0 20.3 18.5
1985 27.5 19.5 19.7 18.9
1986 26.0 20.0 20.5 19.5
1987 26.0 20.5 21.0 19.5
1988 26.0 20.5 21.0 19.5
1989 26.5 20.5 21.5 19.0
1990 27.5 20.0 20.5 19.0
1991 27.5 20.2 20.7 19.1
1992 27.5 20.2
1993 27.5 20.4
Table 6.9; Corporate Average Fuel Economy (CAFE) for Passenger Car and Light
Trucks, 1978-93 Model Year 
Miles per US gallon (1 mile/US gallon = 0.4211 km/litre)
The determinants of fuel efficiency have been analyzed for 268 individual 
passenger car models produced by U.S. companies in the 1970-1993 model years. After 
accounting for the effects of weight and displacement, the estimates of the rate of progress 
in efficiency was obtained over time. As it is shown, the pattern of estimated progress in 
the figure 6.5, there is no significant progress between the 1970 and the 1975 model years. 
The 1976 model year automobiles were introduced with increase of more than 12 percent in 
technical efficiency over the 1970-75 predecessors.
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Figure 6.5: The Increase in Technical Fuel Efficiency in New U.S. passenger Cars,
Model Year 1971-93
6.1.2.1 Sources of energy losses
To assess the potential of the new fuel efficient technologies, it is first necessary to 
understand where the energy losses occur in today’s modern light vehicles. Seventy to 80 
percent of the fuel’s energy content is lost directly at this point to coolants, exhaust gases, 
convection and radiation. In urban driving, about one-third of energy reaching a car’s 
wheels is used to overcome aerodynamic drag, one-third to overcome rolling resistance, 
and one-third in dissipation in braking. On the highway, however, the fraction of energy 
used to overcome aerodynamic drag increases to more than 60 percent, whereas less than 
10 percent is dissipated in braking. The amount of aerodynamic drag encountered is 
determined by the shape of the car, its frontal area and its speed. The aerodynamic drag is 
proportional to the square of the speed.
The major factors, then, that determine a vehicle's fuel economy include the 
efficiency of its engine and its transmission, its mass, its aerodynamic drag, the rolling 
resistance of its tires, the energy consumption of its accessories, and the energy dissipation
of its brakes.
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In today's cars, about 12 percent of the energy in the gasoline reaches the driving
wheels. Energy losses which have been measured at specific points include:
"Exhaust, 33%
Cylinder cooling, 29%
Air pumping, 6%
Piston ring-cylinder friction, 3%
Accessories, 2.5%
Transmission, 1.5%
Axle, 1.5%
Braking, 3.5%
Coast and idle, 4%
Tyres/rolling resistance, 6%
fsnAerodynamic drag, 6%"
6.1.2.2 Improved Engines Efficiency
One of the important components in which to make efficiency improvement is the 
engine. Two types of engines are used to power today's light vehicles: The homogeneous 
spark ignition or Otto cycle engine, characteristically fuelled by gasoline, and the
heterogeneous, compression ignition engine, characteristically fuelled by diesel oil.
6.1.2.2.1 Gasoline Engines
Fuel economy research efforts are now ongoing on homogeneous spark ignition 
engines to narrow the efficiency gap with compression-ignition engines. These efforts are 
aimed at improving part-load operations and combustion characteristics, reducing engine 
warm up time, increasing compression ratios, reducing frictional losses and extending the 
operating regime of engines. One of the sources of engine inefficiency occurs when the 
engine is cold. Cold temperatures retard fuel vaporization. Thus more fuel must be mixed 
with air to effect the same degree of vaporization as occurs in warmer temperatures. Richer 
fuel air mixtures mean more fiiel waste. In addition, engine friction losses are greater with 
lower temperature. As a result, the fuel economy of a cold engine can be less than half that 
of a fully warmed one.
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One of the major reasons for the better fuel economy of the diesel engine is its
vastly superior efficiency when the engine is operating at part load, that is, when the power 
required by the driver is less than the peak power available at the given speed of engine. 
This superiority is important because light vehicle engines operate mostly in the part-load 
mode. Unlike the diesel engine, the gasoline-powered, homogeneous, spark-ignition engine 
can reduce its load only by decreasing air and fuel input with the use of a throttle. But the 
throttle produces a differential between intake and exhaust on the engine cylinder, causing 
negative work to be done as air is taken in before combustion at a low pressure and waste 
gases are later exhausted to a higher pressure; the result is a loss of efficiency.
Another source of engine inefficiency is the combustion process itself. Optimal 
engine operation is predicated on the assumption that, first, cylinder pistons maximally 
compress the air-fliel mixture before ignition; second, ignition is initiated followed by rapid 
combustion of all of the fuel; and finally, the energy released causes the gas to expand 
quickly with little heat loss. However, under the wide variety of conditions within which 
today's engines operate, ignition rarely occurs on a repeated basis at the optimal point in the 
compression stroke. Moreover, the combustion process itself is far from instantaneous, 
thereby eroding efficiency either by starting the expansion stroke before maximum 
compression of the air-fuel mixture or by continuing the combustion well into the 
expansion stroke and thus losing some of the work potential of the combustion heat. In 
addition, non-instantaneous combustion is often characterized by incomplete oxidation, 
hence failing to capitalize on the full energy content of the air-fuel mixture while increasing 
noxious exhaust emissions.
Thermodynamic laws dictate that the efficiency of an engine is dependent upon 
how much the piston in each cylinder can compress the air-fuel mixture before it is ignited: 
the greater the compression ratio the greater the efficiency. As a result, Toyota has been 
able to raise the compression ratio of a test engine from 9:1 to 12:1 and realize an 
improvement in fuel economy of 5 percent at partial load and 10 percent at full load and 
high engine speed.
Reducing frictional losses is another source of energy loss in engines. That is in 
friction of its moving parts. In recent years, frictional losses have been reduced by 
improving the geometry of the engine's parts and by the reducing the viscosity of its-
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lubricating oil. Cummins has found that the use of ceramic bearings rather than oil can
reduce friction in the crankshaft more than 75 percent. Although solutions to the specific 
problems of the gasoline homogeneous spark-ignition engine already discussed promise to 
reduce engine waste, potential efficiency gains can also be made by extending the operating
regime of engines beyond what they have been historically. American Otto cycle
engines are oversized in order to deliver peak power for acceleration, although peak power 
is used only about one percent of the time of operation.
6.1.2.2.2 Diesel Engines
Diesel engines can get 20-25% more kilometres per litre than a typical gasoline 
engine. It also takes less energy to make diesel fuel than gasoline. Diesels are usually 
more expensive, but at today's fuel costs the extra cost is offset in the first 32 000 - 42 000 
km, depending on the taxes imposed and the differential between gasoline and diesel (less 
for city taxis), and after this there will be significant money savings.
Despite the obvious energy savings of diesels, there are some serious problems.
1 8 3 1Diesels produce unusually higher amounts of soot and nitrogen oxide. Brown points
out that "the fuel efficiency of diesels clearly warrants a major research and development
effort to deal with the pollutants connected with their use". Diesel engines are also noisier,
1 8 3 1but higher levels of insulation help to decrease noise.
The chief advantage and disadvantage of the diesel engine is its high compression. 
The higher temperature operation made possible by a compression ratio of 14 to 22, is 
compared to an average of 8 to 10 for a gasoline engine, provides better fuel economy, but 
produces much more nitrogen oxide. The fiiel economy advantage of diesels over gasoline 
engines, even at partial load, ranges from 20 to 35 percent. Turbo charging can reduce the 
compression ratio in diesels, at present above the optimum of 15 because of the difficulty 
of starting diesels in cold weather. Other problems with the diesel include greater noise, 
smoke, cost, mass and possibility that certain particulates it produces are carcinogenic. [81]
Electronic control is an answer to some problems in homogeneous spark ignition 
engines which is also applicable to diesels as well. Isuzu Motors, for example, has adopted 
electronic engine controls to diesel engine use, offered as an option in the company's 1.8
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litre diesel domestic Genini car model, the result is improved fuel economy, a 10 percent 
increase at 60 km/h, improved startability and acceleration and lower noise.
Direct-injection diesel is an adopted developed technology for spark-ignition 
engines which some companies are pursuing that for the improvement of diesel efficiency. 
Diesel powered light vehicles have traditionally used an indirect injection, divided 
combustion chamber design in order to reduce noise and emissions and improve 
performance.
Another promising diesel technology is that of the adiabatic or low-heat-rejection
engine. As mentioned earlier, when fuel is burned in any engine, a large fraction of the
energy is lost to the engine coolant and the exhaust gases. If an engine could be operated
without needing to be cooled and if the energy in the exhaust gases themselves could be
F941harnessed in some way, major efficiency gains would result.
6.1.2.2.3 Alternative Engine Design:
The most efficient gasoline engine will always consume more fuel than the most 
efficient diesel, whereas the diesel will always offer inferior performance, such as, smoke.
acceleration, vibration, noise 
alternative engines.
[94] Table 6.10 summarized the attributes of the other
Efficiency in percent Comments
Ful 1 load Partial (10%) load
Engine type 1980 1990 1980 1990 Cost
Otto 25 37 15 23 Very low
Diesel 25 40 18 32 Moderate
Rankine 20 30 15 22 High
Brayton 25 44 8 25 Moderate to low
Stirling 30 42 28 38 High
Table 6.10: Alternative Automobile Engines [81]
6.1.2.3 Improved Drivetrain Efficiency
The potential savings in fuel use in engines are based in part on better matching 
between engine speed and power requirements. The closer the engine is to being fully 
loaded, the more efficient it is. Transmissions in current use do this job poorly; however, a 
manual transmission will usually provide a 10 percent energy saving over automatic
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transmissions. Improved transmissions could save 8-11% of the energy used by cars. [83]
Energy losses in the transmissions arise for three reasons. The first reason has to do with 
weaknesses inherent in the design of each type of transmission, second has to do with their
control systems, and the third one has to do with their discrete gearing and relatively
, _ [94]narrow speed ratio range.
6.1.2.4 Weight Reduction
A vehicle's mass makes a significant contribution to its fuel economy. A 10 percent
reduction in mass will yield an improvement in city fuel economy of about 6 to 8 percent
and in highway fuel economy of about 4 to 5 percent. For example, the average mass of a
new American car has dropped from just over 1 816 kg to just over 1 362 kg. Most of this
[941decrease was realized by downsizing vehicles and eliminating unnecessary features.
European and Japanese cars are about 454 kg lighter than American cars, on the average. 
[83]
Materials substitution, the use of lighter but more expensive metals such as 
aluminium, and magnesium to replace steel, has been estimated to be capable of reducing
r o i lfuel consumption in American cars by eight percent at a cost of about $50 per car.
The "new" materials with the potential for reducing vehicle weight include 
high-strength low alloy (HSLA) steel, aluminum, magnesium, and plastics. Forty five and 
a half kg of steel replaced by the appropriate amount (to yield the same degree of strength) 
of HSLA steel provides a 10.4 kg weight reduction; replaced by aluminum, a 25 kg 
reduction; replaced by a composite plastic, a 29.5 kg reduction; and replaced by
magnesium, a 34 kg reduction.
Front-wheel drive obviates the need for a drive shaft running the length of the car 
from the engine to the back wheels. Mass can thus be saved, while at the same time the 
passenger compartment can be made roomier since the hump down the middle can be
eliminated.
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In addition to becoming lighter, new cars have become more homogeneous in terms
of mass. A disadvantage of small cars is their lack of safety in collision with larger cars.
The trend toward more homogeneous car masses may imply an improvement in the safety
_ [95]of new cars.
6.1.2.5 Improved Aerodynamic Drag
There is a large potential for economy improvement by decreasing the aerodynamic 
drag, which accounts for about 25% of the energy used. The drag coefficient has been 
reduced from values around 0.5 to about 0.3 or 0.4. The smaller cars also have smaller
frontal area.
Aerodynamic drag also plays a major role in determining the fuel economy of light 
vehicles. Generally, decreasing the drag of today's typical vehicle by 10 percent will reduce 
its highway fuel consumption 5 to 6 percent and its urban fuel consumption 2 to 3 percent. 
As mentioned earlier, a vehicle's aerodynamic drag is proportional to its frontal area, its 
drag coefficient, and the square of its velocity. Thus a small car, because its frontal area is 
small, tends to have less drag than its larger counterparts; on the other hand, low drag 
coefficients are difficult to achieve on small cars because their short lengths invite air 
turbulence.
Great strides have been made in the past few years in reducing the drag coefficient 
of light vehicles. In 1979 the Co of American cars ranged from 0.37 to 0.54, averaging
0.48; European cars averaged a slightly better, 0.44. At that time, Cd of 0.3 appeared to be 
the limit of feasibility for a production light vehicle. Today's new-model generation, in 
contrast, has many cars with Cd in the range of 0.3 to 0.35, particularly in Europe, with a 
few production cars even below 0.3.
General Motors has also succeeded in achieving a Co less than 0.2. Its experimental
[941Aero 2003A has a Cd of 0.166, achieved by using many of the features in the Probe.
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6.1.2.6 Reducing Tyre-Rolling Resistance
Tyre rolling resistance also figures prominently in fuel economy. A reduction in 
resistance by 10 percent improves both city and highway fuel economy between 3 and 4 
percent. Tyres have already undergone several generations of improvements in their 
rolling resistance. The introduction of radial tyres in the early 1970s brought an average 
fuel economy improvement of 5 percent when compared with then-conventional bias-ply 
tyres. A second generation of tyres followed in the late 1970s with reduced mass. Then, at 
the end of that decade, a third generation of radiais was introduced; known as the P-metric 
radial and characterized by higher pressure, this tyre improved fuel economy an additional 
4 percent. Finally, General Motors has recently introduced a fourth-generation radial tyre 
with even less rolling resistance as well as improved wet and snow traction; this radial has 
reduced rolling resistance 55 percent over the original bias-ply tyre, and the rolling 
resistance is estimated to be 10 to 12 percent lower than with the third-generation P-metric
tyre. A fifth-generation tyre was in the late 1980s.
6.1.2.7 Improved accessory Efficiency
As the fuel consumed by a light vehicle decreases, the energy demand of its 
accessories which include its air conditioner, alternator, power steering, water pump and oil 
pump becomes all the more important, accounting for a growing percentage of that 
vehicle's fuel use. Thus manufacturers are looking with increasing interest at ways to 
reduce the fuel demand of these items. Generally, the energy consumed by accessories can 
be reduced in one of three ways: running the accessory only when it is needed (e.g., electric 
fan with thermostat) improving its overall efficiency, or reducing the need of the vehicle
for that accessory's service.
6.1.2.7.1 Air Conditioners
The most fuel consuming of light-vehicle accessories is the air conditioner. In the 
days before the first oil crisis, air conditioners were greatly oversized to provide almost 
instantaneous cooling when they were turned on. In addition, many operated their 
compressors continuously and controlled temperatures by venting unwanted cool air. In the 
past decade, however, these wasteful practices have been eliminated; the capacity of air 
conditioners have been reduced, and their compressors are now operated only when cooling
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is required. In addition, many systems have been designed to reduce the activity of the
compressor when a car is idling to avoid increasing engine speeds-and thus fuel
consumption to meet the conditioner's power demand.
Another way of decreasing energy use by air conditioners is by reducing the 
amount of the sun's heat that enters the passenger compartment, which the conditioner must 
then remove. With costs twice that of ordinary glass, the laminated glass has been found to 
reduce air conditioner power needs in a Maxima car model 12 percent when the outdoor 
temperature is 35 °C.
Toyota is presently working on an air-conditioner design operated by
microprocessors that will input passenger temperature desires, outdoor and indoor air
[941temperatures, and a measure of insulation and control the system accordingly.
6.1.2.7.2 Alternators
Although using less energy than an air conditioner, the alternator still has a
significant power demand, requiring between 0.7 kW and 1.5 kW to operate. An option for
reducing the power drain of this device on the engine is to adopt the "smart-alternator"
design now used on Honda's vehicles. The smart alternator varies its charge rate with the
power demand of the engine; maximal charging occurs when the car is decelerating or
idling, the point at which virtually all of the engine's energy output would otherwise be
wasted. The lower power requirement of an alternator compared with an air conditioner
1941makes this strategy feasible.
6.1,2,7.3 Power Steering
Power steering, presently installed in almost 90 percent of all cars sold in the United
States, is another energy consumer, accounting for about 0.75 kW of engine power needs.
This energy usage can be reduced in a number of ways by providing only as much power
steering as is needed in any given instant, by using higher efficiency and variable
displacement pumps, and by doing away with the inefficient hydraulic system altogether in
[941favour of a direct electric motor.
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It makes little difference in terms of total automobile operating costs whether a 
consumer purchases a car that produces 8.4 km/litre (20 mpg) or 16.8 km/litre (40 mpg). 
Although gasoline for the 8.4 km/litre car would cost (assuming $0.26 per litre) 3.1 cents 
per km compared to only 1.6 cents per km (2.5 cents per mile) for the 16.8 km/litre car, the 
difference is small when measured against non-fuel costs which total more than 12.5 cents 
per km (20 cents per mile.) Figure 6.6 portrays this condition graphically. Note how the 
top curve on the graph, which shows the relationship between total operating costs and fuel 
economy, is relatively flat, even declining slightly, between 8.4 km/litre to 16.8 km/litre. 
Whether gasoline costs $0.26 per litre ($1.00 per gallon) or $0.48 per litre ($1.85 per 
gallon) the car with the least cost is the one that obtains 15.6 km/litre (37 mpg). But the 
difference in total cost is less than 10 percent over a very broad range. This fact, coupled 
with the urgent need to reduce oil imports, is a single, powerful justification for minimum 
fuel economy standards. Since consumers are not likely to see the effect of price unless the 
price of gasoline increases very much, fuel efficiency standards far higher than those set for 
1985 are called for. A 15.6 km/litre standard by 1990 was a minimum goal; 21.1 km/litre 
someday is not out of the question.
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Fig 6.6: Total automobile operating costs vs. fuel economy. [81]
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6.1.2.9 Alternative Fuel
6.1.2.9.1 Alcohols
Alcohols both ethanol and methanol (the latter of which is often referred to as wood 
alcohol) have enjoyed increasing attention in recent years as possible alternative fuels 
because they, like petroleum fuels, are liquid and thus most adaptable to today's fleet of 
light vehicles. In addition, they can be derived from a variety of resources that are not 
dwindling as rapidly as oil, which include natural gas, coal, biomass, and heavy fossil fuels 
such as oil shale and tar sands.
The largest alcohol-fuels programme in existence today is found in Brazil. In the 
wake of the two oil-price shocks of the 1970s, that country had found itself in the 
intolerable situation of seeing half of its export earnings swallowed up by its oil import
bills,
6.1.2.9.2 Ethanol
By 1975 Brazil's government had responded to this import dependence by 
launching an aggressive alternative-fuels programme. Endowed with rich.and often unused 
agricultural lands that support a large, but depressed, sugar industry, the programme 
initially consisted of mixing ethanol made from this sugar with gasoline to form a gasohol 
blend for use by the country's light vehicles. It was soon succeeded, however, by a more 
ambitious effort in which new cars were designed to run on an ethanol blend that used no 
oil products at all (called hydrous ethanol, it is composed of 95 percent ethanol and 5 
percent water). The use of this fuel required only relatively minor redesign of the engine 
and fuel system, including replacement of some rubber, plastic, and metal parts that might 
otherwise be corroded by the alcohol.
Brazil's government set aggressive ethanol-production goals, hoping to produce 
enough by 1987 to replace three-quarters of the gasoline it had been consuming when the 
second oil crisis hit. At present, 2.4 million of the approximately 12.0 million light vehicles 
on the road in that country operate solely on hydrous ethanol, and 90 percent of the new 
cars purchased are ethanol driven.
Recently, however, Brazil's ethanol programme has been running into trouble due.
to the high cost of producing this fuel; at $0.23 per litre, ethanol is two to three times more 
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expensive than gasoline. One of the most important policies implemented by the Brazilian
government to persuade consumers to purchase ethanol-driven vehicles was the guarantee 
that the fuel would never cost more than 65 percent that gasoline. In 1985 the ethanol 
programme lost $650 million, an amount that rose to about $2 Wllion in 1986. Moreover, 
an ethanol production surplus materialized in 1986 that was estimated to be 30 percent of 
demand.
With these difficulties, the Brazilian government is now reassessing its ethanol 
programme. Consideration is being given to bolstering gasoline prices, not only to reduce 
subsidy requirements but also to generate more income for the country. In addition, it 
appears increasingly likely that light-vehicle producers will be directed to reduce the
fraction of ethanol-powered vehicles manufactured from 90 percent to perhaps as low as 66
. [94] percent.
6.1.2.9.3 Methanol
It is precisely the expense of ethanol production that has led to increasing interest in 
methanol use. Not only is this fuel less expensive to produce today, but it also has the 
potential of being economically produced from a variety of feedstocks including natural 
gas, coal, and biomass from nonagricultural materials (e.g., wood and other cellulose 
residue).
Among the promoters of this fuel has been Ford Motor Company, which has 
assumed the highest profile of any light-vehicle manufacturer in developing vehicles 
capable of running on methanol. The company sees methanol as a logical substitute for 
petroleum-based fuels because it can be derived from resources that the United States has 
in abundance, namely, coal and oil shale.
The vehicles in U.S were modified Escorts, which, like those adapted to ethanol in 
Brazil, replaced selected rubber, plastic, and carbon steel parts in their fuel systems-that 
would otherwise have been corroded by the methanol - with material such as polyethylene 
and stainless or nickel-plated steel. In addition, the compression ratio in these cars was 
raised from 8.8 to 11.8 to take advantage of methanol's superior octane rating. Eighteen 
methanol-distribution stations were established throughout the state to refuel these cars, 
which have a range of 368 km in city driving. Also, energy per volume is about half that of
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gasoline so a tankful takes the car half the distance. The most significant problem
remaining today has nothing to do with the car itself; it is the limitation on the driving 
range of the vehicle due to scarcity of refuelling stations. The state demonstration 
programmes alone can not deliver at least the 49.4 million litres a month demand.
Methanol, after all, has less energy content on a volumetric basis than does
gasoline, and the only way to gain back that disadvantage is to capitalize on methanol's
high-octane rating, which enables engines to be operated at higher compression ratios and
[941thereby realize greater efficiencies.
The movement of large volumes of methanol becomes feasible in one condition: /
inexpensive transportation services. A rough estimate for the cost of a 1000 km shipment o f /
1 litre of fuel would be as follows:
Mode Cost cent (1 000 km/Iitre)
Truck 71.3
Rail 40.4
Unit train 19.0
Pipe 4.8
6.1.2.9.4 Natural Gas and Its Products
Since natural gas supplies are projected to last longer than petroleum, this fuel and 
liquefied petroleum gas (LPG) have also gained considerable interest in recent years as 
alternative transportation fuels. However, other than natural gas's potential use as a 
feedstock for methanol, most agree that these resources have limited application. Natural 
gas, after all, requires substantial storage space; it has been estimated that in the United 
States this fuel could meet only 2 to 3 percent of light-vehicle fuel requirements.
In 1984, as part of an alternative foels research and development programme, 27 
Ranger pickups were built powered by natural gas, the first factory-built American 
light-duty vehicles using this fuel. Each had a modified 2.3 litre engine with a high 
compression ratio of 12.5:1 to take advantage of natural gas's high octane rating. These 
vehicles get about the equivalent of 8.4 km/litre on the highway, comparable to the fuel
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economy of petroleum-based Rangers. Their range is about 240 km but may be extended
an additional 160 km if a fourth storage tank is added to the truck bed behind the cab.
6.1.2.9.5 Electricity
The attraction of electricity as an alternative energy source in transportation is 
obvious: it can be generated by a host of different sources including renewable ones such as 
biomass, direct solar radiation, and wind. It need not suffer from the problems of 
establishing a new fuel distribution network that alcohol fuels do; instead, electric vehicles 
could be designed to use ordinary household current. But this use requires a complete 
reengineering of light vehicle design and overcoming problems such as low power storage 
per unit mass.
As with alcohol fuels, interest in the development of electric vehicles reached its
[941peak during the energy crises of the 1970s. This subject will be discussed in more 
details later.
6.1.3 Transportation System Management
Transportation system management actions often save energy. These actions are 
intended to increase the capacity and efficiency of the existing transportation system by 
improving traffic flow, smoothing out peak-period loads, and diverting drivers to 
high-occupancy mode of travel. General categories of transportation system management 
actions include the following:
1. Actions to insure efficient use of road space,
2. Actions to reduce vehicle use in congested area,
3. Actions to improve public transit service, and
4. Actions to improve transit management efficiency.
Such actions can often reduce vehicle km of travel and increase vehicle speeds in
congested areas, which will bring about a reduction in energy consumption, improved air
[971quality, and reduced traffic without limiting transportation services.
The followings are the ways for promoting use of more efficient modes, improving 
efficiency of automobile in operation, and discouraging use of private automobiles:
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• Promoting Use of More Efficient Modes
"There are several ways by which the use of more efficient modes can be promoted:
1) Legislative or administrative actions to allow van-pools and car-pools to operate 
without official certification as a common carrier;
2) An area-wide matching programme that provides commuters with an accurate, 
up-to-date list of others with whom they could share their ride to and from work 
and that is structured in such a way as to support transit in areas served by 
flxed-route systems;
3) A ride-sharing and transit education and marketing programme, aimed 
particularly at employees and commuters, to foster commuting by means other 
than the single-occupant automobile and to generate employer support not only 
for an area-wide ride-sharing campaign but also for active internal car-pool, 
van-pool, and, where appropriate, subscription bus or transit subsidy 
programmes;
4) Park-and-ride lots where commuters can transfer to high-occupancy vehicles for 
final stages of their trips to work;
5) Referential traffic control techniques to give priority to high-occupancy vehicles, 
including public transportation vehicles;
6) Preferential parking, i.e., more convenient locations or lower rates, for car-pools 
and van-pools, especially in lots controlled by a public agency;
7) Low-capital improvements that tailor transit service to better serve identified 
needs, possibly identified by means of an effective commuter-matching 
programme; and
8) Staggered and flexible working hours to allow better distribution of demand for 
transit services and the formation of car-pools and van-pools."
• Improving Efficiency of Automobiles in Operation
"Ways to improve the efficiency of automobiles include the following:
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1) Low registration fees for automobiles having lower ftiel consumption, lower
power, less weight, or smaller engine displacement to encourage a shift to more 
efficient automobiles;
2) Vehicle inspection programmes that require or encourage engine tune-ups, when 
appropriate;
3) Traffic flow improvement measures such as elimination of unnecessary control 
devices, timely change-over of traffic signals to flashing operation, right turn on 
red, speed limit reductions on selected facilities, designation of reversible lanes, 
and elimination of on-street parking; and
4) Procurement of more efficient vehicles for state and local government fleets." 
[98]
• Discouraging Use of Private Automobiles
"The use of private automobiles can be discouraged by
1) Increasing the marginal costs of vehicle operation through measures such as 
parking taxes, fee regulation, or surcharges, that can be geographically and 
temporally selective;
2) Establishing automobile-ffee or limited-access zones to encourage use of 
alternative modes or multi-occupant vehicles;
3) Reducing the supply o f on-street parking;
4) Eliminating publicly financed parking subsidies for automobile drivers (this 
action combined with incentives for ride sharing or transit usage);
5) Establishing tolls for entry into congested area; and
6) Revising zoning standards to foster reduced reliance on the automobile."
6.1.3.1 Tax
It's hard to take seriously that a nation has deep problems if  they can be fixed with a 
[22112-cent-a-litre gasoline tax. A fi-equently proposed approach to improve automobile
fuel economy is to place a heavy excise tax on new automobiles that have poor fuel 
economy. This tax is reduced step by step as the fiiel economy of new automobiles 
improves until, eventually, there is no tax at all on automobiles that have good fiiel 
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economy. Several proposals go fiirther and, in addition to fuel economy taxes, provide
rebates to purchasers of automobiles that have high fuel economy. These taxes and rebates 
will precipitate changes in gasoline consumption in the following ways:
1) Induce manufacturers to improve the fuel efficiency of their automobiles so as 
to reduce specific tax rates on those models,
2) Encourage consumers to purchase automobiles with better fuel economy,
3) Change the total level of automobiles sold,
4) Reduce the operating costs of new automobiles [99]
Impacts 1 and 2 both clearly reduce gasoline consumption. The third impact will 
also reduce gasoline consumption for an excise tax system. However, if both excise taxes
and rebates are provided, it is possible for total automobile sales to increase. Impact 4,
however, increases gasoline consumption. The improved fuel economy of new automobiles 
reduces their operating costs and thereby mitigates the fuel efficiency improvement in 
additional travel per vehicle.
Figure 6.7 plots the relationship between the annual quantity of motor fuel
consumed per capita and the fuel taxes of countries in the Organization for Economic
Cooperation and Development (OECD). The correlation is quite clear and systematic:
national consumption varies inversely with tax rates. The pattern is also roughly consistent
with consensus estimates of the price elasticity of demand for motor fuel: in the long run,
[91]each percentage point increase in real fuel prices reduces demand commensurately.
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Fig. 6.7: Relationship between Motor Fuel Consumption and Tax Rates,
lEA Countries, 1990
The prices and tax rates for gasoline in the OECD countries are exhibited in Figure 
6.8. Italy has the highest tax, which is consistent with Italy's very low level of energy 
self-sufficiency (only 17 percent). Yet taxes as a share of the retail in Japan, whose 
self-sufficiency (15 percent) is even less than Italy's are half as high. Germany and France 
are almost the same in their degree of self-sufficiency (48 percent and 47 percent, 
respectively), but 1988 Germany's tax amounted to about $0.39 a litre, while the tax in 
France was closer to $0.65 a litre. Only after 1991 did the tax levels of these countries 
become comparable, owing to a sharp increase in Germany. Norway is a net exporter of 
energy, but Norway’s tax rate is higher than Germany's. Canada is completely energy 
self-sufficient, while the United States is now in a somewhat less auspicious position (85 
percent self-sufficient). Yet Canadian taxes on gasoline in 1992 were at least twice as high
as U.S. taxes.
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Fig, 6.8: Gasoline Prices and Taxes in OECD Countries, Fourth Quarter, 1992
(1 us gallon = 3.785 litres)
The United States has the least tax on gasoline in OECD countries. This tax has not 
been increased in this country since the 1950s and has been greatly reduced by the effect of 
inflation. Higher gasoline tax can effect automobile sales in U.S. it was estimated that 
$0.10/litre ($0.40/gal) gasoline tax in 1980s could reduce the automobile sales by 30.6
roQipercent or 3.7 million automobiles.
6.1.3.2 Speed Limits
Enforcing speed limits is an important fuel economy option. Power to overcome
aerodynamic drag increases as the cube of vehicle speed. Driving a car 80.5 km per hour
1811instead of 88.5 km/h can save 10 percent on gasoline use. It has been publicized that
most states have posted speeds of 88.5 km/h (55 mph) in compliance with the federal 
government's request, but continue to consider violations only at 104.5 km/h (65 mph) or
more During the 1973 fuel crisis and subsequent temporary 88.5 km/h (55 mph)
speed limit, traffic fatalities decreased remarkably. The 1974 highway traffic toll dropped 
to 45 500 fatalities, 17 percent below that in 1973, the fewest number of highway deaths
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since 1963. 
[102]
The changes attributed to 80 km/h speed limit are shown in Table 6.11.
Policy Test Parameter Conq)arisonBase Item Percentage 
of change
80-km/h speed 80km/h maximum speed. 1973 speed limit Total cost/km of travel +2.2
limit redistribution of non-work
trips
Operation cost/km o f travel -3.1
Accident cost/km of travel +43
Total +3.8
Vehicle-km o f travel -1.6
Vehicle-h of travel +2.0
Speed -3.7
NO, -3.6
HC -0.2
CO +1.2
PM -1.6
Fuel use
Litres -2.1
km/litre +0.5
Table 6.11: The changes due to 80km/h speed limit
Cars use about 20 percent less energy at 88.5 km/h than 112 km/h and full 
compliance with the 88.5 km/h limit would save 21.7 billion litres/y of motor fuel which is
almost 6% of US. total gasoline use of 380 billion litres/y.
6.1.3.3 Energy Conservation and Contingency Planning
Energy contingency plans are designed to prepare for both immediate and 
long-range dependence on multi passenger vehicles, which should result in an overall 
petroleum saving. Most often, energy contingency planning addresses the need to increase 
the capacity of local bus transportation systems. At the same time, it prescribes methods of 
apportioning travel demand in a more uniform way and over a longer time period and 
encourages greater acceptance and use of taxis, vans, and informal multi passenger travel 
modes..
The chief elements in such planning are the process and the end product. The 
process describes the way in which plans are developed, identifies the participants, and 
assigns responsibilities. The product is a list of actions to be implemented. Moreover, 
energy contingency plans are generally keyed to levels of crisis and suggest which actions 
are most appropriate at given levels of fuel shortage.
Chief elements of a local energy plan ought to include the following:
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• Analysis of current local energy situations and provisions for the continued 
monitoring of supply levels, storage provisions, and related factors;
• Analysis of existing services, vehicles, and ridership, as well as factors affecting 
ridership;
• Analysis of current capacity of all available fleets of multi passenger vehicles;
• Projection of demand for transportation services that take into account both the
magnitude of the demand and the location of such demand at various levels of a
petroleum shortage (e.g., seasonal demand changes such as school vacations,
holidays, and summer school closings);
• Analysis of actions that may be taken to increase capacity, both with and
without new capital investment;
• Recommendation of operational actions to increase service;
• Financial analysis of actions and newly proposed programme changes;
• Recommendation of support actions that involve personnel, planning, public 
Information, marketing, and the interface of private and public entities;
• Analysis of actions along a time line-those to be taken at once, those of an 
intermediate nature, and those that are long term;
• Plan for fuel management that includes conservation measures within existing 
and projected operations, as well as provisions for additional fuel procurement 
and storage;
• Analysis of action that require public cooperation, such as staggered work 
hours, high occupancy-vehicle lanes, ridesharing, vanpooling, park-and-ride 
lots, and prohibitions on students driving to school;
• Implementation strategy that includes the designation of responsibilities for and 
timing of actions; and
• Identification and procurement of funding needs and sources. [103]
Conservation and contingency planning have different objectives but that they 
should generally be part of the same process. In conservation planning, the objective is to 
reduce fuel consumption, and the time frame may include both short- and long-term 
initiatives. However, in contingency planning, fuel is not available, and the objective is to 
manage the situation while maintaining mobility and reasonable order. The focus in such an 
instance should be mainly to help people cope, and the time frame is usually a short-range
Amir A. Sadighi PhD Thesis, March 1998
Chapter 6, Energy Conservation in Transportation  209
one. There are several reasons for the close integration of conservation and contingency
planning.
• "The measures often are the same or similar for both types of planning. 
Furthermore, the actors and institutions best able to implement programmes are 
often the same. The same analytical capabilities and data bases are needed to 
plan and evaluate the best ways to implement actions under both types of 
planning.
• The effectiveness of many contingency initiatives depends on prior preparation: 
Often, the best way for that preparation to be accomplished is when it is part of 
a conservation programme. This should involve the mobilization of resources, 
the dissemination of information, and the building of the infrastructure required 
to implement the various actions that are part of the programme. Conversely, the 
behavioral changes needed to accommodate a shortfall often last well beyond 
the crisis, therefore, the contingency initiative becomes a conservation strategy, 
particularly if this aspect has been carefully thought out.
• The multiple benefits of various initiatives can frequently be used to help 
motivate people to action. That is, it may be easier to get people to take the 
required actions if they can see that it will result in long-term energy savings, as 
well as provide greater ability to cope with energy shortfalls.
The extreme uncertainty about when shortages will occur, how severe they will 
be, and how long they will last requires preparations for a wide variety of 
scenarios. Thus, there is an economy of scale in carrying out both conservation 
and contingency planning as part of the same process. Moreover, the danger 
exists that confusion and lack of credibility will result if the two are not part of 
the same process. In other words, if different people from the same agencies or 
people from different agencies go out talking about the same things, the
credibility of both efforts decreases."
6.1.3.4 Carpools and Vanpools
In U.S about one-third of all private car mileage is for commuting to and from 
work. Today, the average number of passengers in cars is 1.4 persons. During rush hour, 
there are only 1.2 persons per car. Increasing the number of passengers per car can save a
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lot of scarce oil. For example, a subcompact with three passengers is more efficient than
the average mass transit system. If  the average commuter auto held two persons instead of 
the current average of 1.4, the United States could save about 400,000 barrels of oil per 
day.
Car and vanpools not only save gas, but save gas money and wear and tear on 
vehicles; permit passengers to do reading or work instead of driving; and reduce traffic 
congestion. A two-person carpool will save a little less than half on commuting costs 
(depending on how far apart the carpoolers live and work); a four-person carpool cuts costs 
to a little more than 25% of what they would have been. As more people get involved in car 
and vanpools, the economics will improve, because there will be a shorter distance between 
pickups.
Vans can be more efficient than cars if they have enough riders. A survey by 
Maryland Vango shows that the average vanpool has 12.5 rides and takes nine cars off the 
highway. Vans in the U.S. are smaller than the minibuses used that are common in Europe 
and Asia. Vans carry fewer people than minibuses.
Hertz estimates that vanpool expenses per passenger are about half those of a car.
For example, a van driven 80-96 km round trip per work day (24 000 commuting km per
year) and kept for 3 years costs about 2.1 cents per passenger km, but an intermediate-size
1831Sedan car costs as much as 4.5 cents.
Vanpools can even be cheaper than taking the bus on a long commute. Switching 
from the bus to a 15 percent vanpool for a 96 mile round trip can cut the travel costs by
25% and reduce the travel time by 35%.
Opinions vary as to how much fuel is actually saved by vanpools. Estimates vary 
from an optimistic 49 210 litres/year (13 000 gal) to a conservative estimate of 5 700
litres/year (1 500 gal).^^^^  ^ One study in the U.S. suggested that carpooling for suburban 
drivers could provide 25 percent more gasoline saving than the statewide per capita.
6.1.3.5 Park and Ride Lots
n
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The amount of energy consumed in the construction of a prototype 500-space lot
included energy estimates for the production and hauling of materials (aggregate, asphalt,
cement, and lime) and the construction of a lot consisting of a reinforced - concrete loading
zone and an asphalt parking area. It is estimated that 632 320 equivalent litres of gasoline
of indirect energy are consumed by this lot. In addition, the energy cost of a simple
passenger shelter was estimated to be 2 280 equivalent litres of gasoline. The energy used,
even for this simple lot, appears to be considerable, however. The construction of the lot
with 500-vehicle capacity and shelter, for example, would expend the equivalent of
approximately 634 600 litres of gasoline. In addition, maintenance costs for the lot,
including resurfacing estimated at 7.1 MJ/m^/year. The energy cost of a new bus has been
estimated to be 31 008 equivalent litres of gasoline, equivalent to about 5 percent of the
energy costs of the 500-space lot. The park and ride fuel savings appear to be greatest when
automobile fuel efficiencies are lowest. At 6.2 km/litre for each automobile, an average
park and ride lot would take 1.6 years in pay back time; at a 10.5 km/litre rate, this would
more than double to 3.7 years. This implies, then, that park and ride lots in the fiiture will
have less potential for saving energy than they do now. It was estimated that the automobile
fuel efficiency rate would have to increase to about 42.1 km/Iitre before no energy savings 
[107]would occur.
6.1.3.6 Stop signs, School zones, One way streets
One of the most visible forms of traffic control is the stop sign. Numerous studies
have shown that stop signs will have only a limited effect on the occurrence of traffic
accidents. It has also been established that the installation of stop signs for the purpose of
controlling vehicular speeds does not achieve the desired intent. Despite these facts,
citizens frequently request the installation of stop signs to solve perceived traffic problems. 
[103]
A disadvantage of the installation of stop signs is that extra fuel is consumed by a
vehicle to decelerate to a stop and then regain speed. Winfrey reports data from the
mid-1960s that is based on a 1815-kg passenger car that has an optimum fuel consumption
of 100.7 mm^/m. He reports the excess fuel consumed by this vehicle in one speed change
cycle, which is defined as the process of reducing speed from and returning to an initial
speed. In the case of a speed cycle from an initial speed of 56 km/h to a stop and back to 56
km/h, the vehicle consumed 37.2 cnii more fuel than by driving at a constant speed of 56 
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km/h. Travel time was increased by 14 s for this speed change, assuming no delay caused 
by other vehicles.
There is no doubt that the lower speed limit in school zone causes excess fuel use. 
Winfrey reports that a speed change cycle from 56 to 24 km/h and returning to 56 km/h 
uses 24.5 ciâi excess fuel.
The one-way streets offer the potential for reduced fuel consumption, improved 
operation, and increased capacity. Because of the many variables involved in the design 
and operation of one way streets it is not easy to say exactly how much would be the
saving, but a rough estimate is 10%.
6.1.3.7 Cold and Warm Start
The fuel consumption is more for cold start rather than warm start. Figure 6.9 
shows the estimated cumulative average fuel consumed per unit distance versus commuting
trip distance far cold start and warm start.
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Fig. 6.9: Estimated cumulative average fuel consumed per unit 
distance versus commuting trip distance for cold start and warm start.
6.1.3.8 Road Maintenance
[109]
Energy requirements to construct, rehabilitate and maintain pavements over a 20
year period are of the order of magnitude of 378.6 MJ/m^ (300,000 Btu/yd^.) of pavement.
About 0.1 percent of total energy used in the United States is consumed in routine highway
[110]pavement maintenance activities 
improvement scheme.
Table 6.11 shows the benefits from an average road
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Benefit %
Accident savings 20
Vehicle operating cost savings 0
Working time savings
Car 26
Light goods vehicles 11
Heavy goods vehicles 11
Buses 3
Non-work time savings
Car 23
Buses 6
Total 100
Table 6.12: Benefits from an average road improvement scheme. [85]
6.1.4 Alternative forms of transportation
In this part energy use of other forms of transportation; such as buses, trucks, rails, 
airplanes, moped and bicycles will be discussed. Most efficient and inefficient methods of 
passenger travel, based on today's average ridership and gas mileage is shown in Table 
6.13.
Method (Intercity) Energy Use 
(MJ/passenger-km)
Method
(Urban)
Energy Use 
(MJ/passenger-km)
Bus 1.05 Bicycle 0.13
Subways, Trains 
and Streetcars
1.91 Walking 0.20
Car 2.24 Mass transit 2.50
Plane 5.54 Car 5.34
Table 6.13: Comparison of the Energy Efficiency of Transportation Methods [83]
6.1.4.1 Buses
Buses are about four times as energy efficient as cars, on the average. About four 
out of five of the half million buses in operation in U.S are school buses. Through
dieselization, school buses, which are predominantly gasoline-powered, could experience 
gains of approximately 30 percent over their 1972 average of 3.1 km/litre (7.4 mpg).
Suppose a bus costs $100,000 and serviceable for 480 000 km in an urban system. 
This reduces to $0.21 per km as a purely capital cost. The interest cost on the financing of 
this capital investment may add about $0.03 per km. With fuel at $0.31 per litre and a
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mileage rate of 1.68 km per litre, another $0.19 per km is added. Maintenance costs, 
including tyres, labour, oil, parts, and cleaning can be estimated at $0.06 per km. For the 
moment, let us ignore the considerable costs of street construction and maintenance, 
publishing of schedules, office and garage space, supervisors, and many other overhead 
items. The driver's salary is typically at least $12.00 per hour, and with an average bus 
speed of 32 km/h this adds $0.38 per km. So the operating cost is at least:
Item Dollars oer km
Bus $0.21
Financing $0.03
Fuel $0.19
Maintenance $0.06
Driver salarv $0.38
Total $0.86
Note that only about half of the total cost is related to the vehicle; the largest single 
item by far is the driver's salary. This suggests that only minor cost savings can be 
accomplished by reducing the size of the vehicle at times and in places where a full-sized
bus is not needed. [86]
The increase in bus ridership in Dallas transit system is shown in Fig. 6.10.
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Fig. 6.10; Effect of ridership increases on bus use, Dallas Transit
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6.1.4.2 Trucks
The energy efficiency of trucks could be greatly improved by wider use of diesels, 
better routing and streamlining. The Council of Environmental Quality says that "over the 
long term the overall improvement in truck efficiency could be up to 50 percent". The truck 
regulations are in such a way that 40% of all truck miles are driven empty, there should be
* .u -  .  [83]some improvement on this too.
One basic short coming of today's transport trucks is their lack of aerodynamic
design. Trucks are shaped like boxes. A rounded surface on both front and back would
reduce air drag. Cowling around wheels would add efficiency and reduce highway noise.
Modes and their fuel efficiency of freight transportation in the US are shown in table 6.14. 
[81]
Mode Percent of freight carried “ MJ per tonne-km of freight
Pipelines (excluded) 0.3
Rail roads 37 0.5
Waterways 41 0.5
Trucks 22 1.8
Air 1 27.3
Total 100%
a: figures do not add to 100% due to rounding errors.
Table 6.14: Freight transportation in U.S; Modes and their fuel efficiency [81]
There are nearly 30 million trucks on US highways. The vast majority of trucks 
(about 85%) are light trucks (less than 4.54 tonnes gross vehicle mass), and over half of 
these are used predominantly for private transportation.
Approximately 7% of trucks with a gross vehicle mass of over 11.8 tonnes, 
however, travel over 20% of all truck miles, and with average efficiencies of just over 1.7
km/litre.
Additional savings are possible if all states comply with the allowable federal 
maximum truck size and weight limits of 36. 3 tonnes and trailer combination of 19.8 m.
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To demonstrate the degree to which the higher limits can and will result in increased
efficiency and fuel savings, consider table 6.15, which is computed in terms of the fuel and 
equipment required to transport 1.02 million tonnes of freight a distance of 1.6 km. A 19.8 
m twin trailer operating at 36.3 tonnes gross vehicle mass, for example, can handle 1.02 
million tonnes of freight in 38 979 trips by using 36 586 litres of diesel fuel. This represents 
a 39.1 % saving in trips and a 26.7% reduction in fuel consumption, when compared to a 
tractor semitrailer combination under the lower mass and size limits that still exist in some
. . [113]states.
Federal Limit Gross Combination 
Mass (kg)
Number of Loads Diesel Fuel 
Required 
(litres)
Old
16.8 m tractor semitrailer
Dense freight only 33 269 42 544 38 475
Light and bulky freight 26105 64 041 49 924
19.8 m twin trailers
Any freight 33 269 44 853 39 201
New
16.8 m tractor semitrailer
Dense freight only 35 866 38 201 35 709
19.8 m twin trailers
Any freight 36 320 38 979 36 586
Table 6.15: Comparison of fuel and equipment required under old and new federal 
limits to transport 1.02 million tonnes of freight a distance of 1 km.
If under bridge formula B, a 19.8m twin trailer be allowed to operate at up to 
38,817 kg gross vehicle mass as opposed to the arbitrary ceiling of 36 320 kg. This would
save the United States 873 722 600 litres of diesel fuel annually. But it should be
noted that damage to roads increases exponentially with truck mass. A truck of 33 142 kg 
for example, will do as much highway damage as 6,000 cars, while a truck of 36 320 kg
will do as much damage as 9,600 cars. [81]
6.1.4.3 Rail
Rail systems (including subways and trolley) are about three times more efficient 
than cars. It takes nine times as much energy to move a passenger by plane as by 
high-speed train.
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Travel by rail has been found to be 23 times safer than cars, 2.5 times safer than 
planes, and 1.5 times safer than buses. It is one of the few transportation methods (aside 
from planes) that allows the traveler to work, read, eat or sleep while moving at high speed.
However, buses are almost twice as energy-efficient as trains, and require smaller
capital expenses - especially when comparing adding buses to a city's transit fleet to
building a major new subway system. Thus it may save more energy and money to increase
substantially the number of buses, rather than trying to build a subway in every major city.
On the other hand, freight transport by train is much more energy efficient than the
1831alternatives, trucks and planes.
Charles A. Lave has concluded that the rail systems are net users of
energy. The two main points prompting this conclusion are that (a) the energy invested in
building a rail system is enormous and thus difficult to repay and (b) the possible savings in
operating energy is small, or even negative, because most rail passengers are diverted from
buses and buses are more energy efficient than modem rail systems. It should be noticed
that US trains are slow compared to European and Japanese trains. Since 1920 the
government in US has spent about $400 billion on transportation, but rail roads have
1831received less than 1% of this.
In Europe, 12 countries are working on a $ 76 billion plan to link major cities with
30 000 kilometres of high-speed rail lines. Already it is quicker to use rail than a jet to
travel between some European cities that are up to 700 kilometres apart, if the time it takes
1791to get to the airport is included.
6.1.4.4 Airplanes
Planes are obviously a good transportation method at times because of their speed. 
But whenever possible, freight and passenger travel by air should be avoided. This is 
because plane is the only transportation method that is less energy-efficient than the car. 
One of the most inefficient means of transport is the supersonic Concorde jet, which uses 
20 900 litres/h of fuel for fewer than 100 passengers.
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It is great waste of energy to have planes flying with sometimes only 25% of the
seats filled. Better scheduling should be a high priority in the interest of saving energy.
New methods to increase the energy efficiency of planes are constantly being 
introduced, because of the high price of jet fuel, and these efforts should greatly be 
increased. Improving plane designs and operating practices, and increasing the number of 
passengers on each plane might be able to double the passenger-kms carried per litre of fuel 
by the year 2000. These improvements include better streamlining, engine changes and 
more use of wide-body jets.
In US commercial air lines use more than 45.6 billion litres/year of fuel, and air line
1831energy use will probably quadruple by 2000.
Fuel consumption in jet aircraft is relatively insensitive to increasing weight; the 
Boeing 727-100's fuel consumption, for example, increases only about 0.3 percent per 
additional 450 kg (1000 lb.) at normal loaded weights.
Thus, the additional fuel required for higher payloads is quite small, and improved 
fuel efficiency is almost directly proportional to increased load factor.
6.1.4.5 Mopeds and bicycles
Lately there has been a small boom in the use of mopeds-a sort of bicycle 
with a small 0.75 to 1.49 kW engine. Mopeds can run 160 to 320 km on a single gallon of 
gas. Their top speed is about 50 km/h, and they cost about $500. Cheaper versions are also 
available - small engines that can easily be put onto or taken off regular bicycles.
One company sells an electric bicycle motor that fits all bikes. They claim that you 
can travel 160 km for $0.10 worth of electricity (without pedaling), and that it recharges 
overnight. They also sell three-wheeled 'adult trikes," with or without the motor, that can 
make shopping by bicycle easier.
Bicycles are 28 times more energy-efficient than cars. They are even more efficient 
than walking, since walking is "only" 17 times as efficient as cars. A bicycle can get the
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equivalent of 421.1 passenger-km per litre, and does not consume gas, but food. Biking is
1831also an excellent form of exercise and recreation
In terms of vehicle efficiency, a bicyclist moving at 16 km/h (10 mph) uses only 
64 kJ/passenger-km (97 Btu/passenger-mile), whereas a pedestrian walking at 4 km/h uses 
300 kJ/passenger-km. The bicycle is efficient, both structurally and mechanically. A 
person's energy consumption with the aid of the bicycle is about one-fifth that consumed in 
walking. Therefore, apart from increasing speed by a factor of three or four, the cyclist's
efficiency rating improves to number one among moving creatures and machines.
6.1.5 Electric Vehicles
In 1990 the California Air Resources Board approved one of the world's toughest 
auto emissions standards. By the new regulation two percent of the cars sold in the state in 
1998 had to have no emission at all, with the share rising to 10 percent by 2003. This was 
called the California zero-emission vehicle (ZEY) standard.
U.S. auto companies fought hard to kill the ZEY standard throughout the early 
nineties, but regulators and environmental groups countered that the only way to find out 
whether an economical zero-emission vehicle could be brought to market was to require it, 
pointing out that in the past the auto industry had also claimed that catalytic converters and 
airbags-now standard equipment would be impossibly expensive. By 1994, the ZEY 
standard had not only been upheld in California, but had spread to several northeastern 
states, with lobbying help from the electric utility industry.
On June 25, 1985, a race involving 58 solar powered cars from Roman-shorn, 
Switzerland, towards Lake Geneva, 368 kilometres away was held. Twenty-seven cars 
went the distance in which the only energy source permitted was the sun, and not a gram of 
air pollution left the cars.
The race was intended to demonstrate the potential for solar energy, but its more 
lasting impact turned out to be on the car itself. Because of the need to rely on the mere 
500 watts of solar energy that can be harnessed from a car's roof spurred engineers to press 
the limits of auto efficiency.
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One of the most important innovations in solar powered vehicles occurred when 
General Motors (GM) entered the world solar challenge, in November 1987. GM brought 
to this 3 000-kilometre cross-Australia competition its new Sunraycer, a tiny, $8-million 
automobile in which the driver lies flat on his back. This was designed with the help of 
Paul MacCready, the engineer who built the world's first successful human-and 
solar-powered airplanes. As a result, GM beat its nearest rival by 1 000 kilometres. '
Although electric cars and a variety of other vehicles were popular at the turn of the 
century (New York city had a fleet of electric cabs in 1898), they were pushed aside by 
improvements in the internal combustion engine and the falling price of gasoline used to 
turn it.
Electric motors are by their nature highly efficient, and cars with electric driven 
trains can easily be equipped with regenerative braking systems in which the energy of the 
cars momentum is used to run the motor in reverse, generating electricity that is stored in a 
battery for later use.
The other key technology for a new generation of vehicles is the lightweight 
composite materials that were a key ingredient of the solar cars just mentioned. Reducing 
the weight lowers the energy required to make a vehicle accelerate or climb hills, and 
increases the range provided by a given battery. As a result, a growing number of
companies, including the Swiss chemical giant Ciba Geigy, are adapting lightweight
composite plastics - silicon or carbon fibres that are impregnated with polymer resin for use 
in cars. These materials -already used in bulletproof vests and aircraft are stiffer and
stronger than steel but just one quarter as dense.
Conventional wisdom suggests that lighter cars provide less protection in collisions, 
but design not mass is the main determinant of automobile safety. In Switzerland, several 
very small composite cars have passed standard crash tests, with no serious "injury" to the 
dummies inside. They are equipped with seatbelts and airbags, and their synthetic bodies 
are better than steel in absorbing or deflecting the shock of impact. Still, further R&D is 
needed to ensure adequate safety in the new vehicles.
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Many of the advantages of lightweight electric vehicles can be previewed in the
GM Impact. With a composite body and stiff aluminum frame, the Impact incorporates an 
advanced electric motor, electronic controls, regenerative braking, and aerodynamic 
streamlining. The energy cost of running an Impact is only one quarter that of a 
gasoline-powered car, but the driving range is limited to less than 180 kilometres by its 500 
kilograms (1 100 pounds) of lead-acid batteries-which hold the energy equivalent of just 
two litres (a half-gallon) of gasoline.
Another option that has gained favour in recent years is the so-called 
hybrid-electric. Since the late eighties, Paul MacCready, Amory Lovins, and others have 
pointed to the logic of a car with an electric drive that stores the bulk of its energy as a 
chemical fuel such as gasoline or natural gas-which have energy densities per kilogram that 
are at least 30 times that of any of the proposed batteries and that provides a 
correspondingly greater range. Such vehicles produce most of their own electricity, but 
carry only enough batteries to provide the extra power needed for acceleration, climbing 
hills, or, if necessary, operating emission-free inside city limits.
A hybrid-electric car would retain most of the environmental advantages of a 
battery powered model, and without the huge quantity of batteries that weight down the 
Impact. Whereas today's automobiles turn only 15-20 percent of the energy in the fuel into 
useful mechanical power, an engine optimized for operation at a single speed could achieve 
an efficiency of 30-35 percent. And since a hybrid's engine requires only enough power to 
operate the car at cruising speed, it can be smaller and lighter. (When not needed, the 
engine would automatically turn off, further reducing fuel consumption.) By reducing the 
amount of batteries, hybrid vehicles let car designers exploit more fully the efficiencies 
permitted by lightweight materials and more aerodynamic designs. Like its 
battery-powered a hybrid-electric would recapture the energy of its own momentum 
through regenerative breaking.
The Lovins "supercar," a concept vehicle that has been designed and "tested" on a 
computer, would have a less than 15 kilowatt (20 horsepower) engine (probably diesel) that 
powers highly efficient electric motors that are integrated into the wheel hubs. It would not 
require components that are routine in today’s cars, including transmission, driveshaft, 
universal joints, and differential. The car would weight less than 600 kilograms (1 300
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pounds)-60 percent less than a conventional car-and have much better aerodynamics and
more efficient tires. The result, according to a computer model used by General Motors, is 
an automobile with a fiiel economy of about 1.6 litres per 100 kilometres (150 miles per 
gallon).
Throughout Europe, and to a lesser extent in Japan and the United States, the idea 
of using small, battery-powered electric cars in cities is gaining ground. The Italian 
company Fiat already developed versions of its popular Panda and Cinquecento 
subcompacts, and the French automaker Renault has built an electric commuter car called 
the Zoom that is two meters long and has a range of 150 kilometres. In the United States, 
the Sacramento Municipal Utiltity District is experimenting with several small European 
electrics, and is considering a programme to subsidize customers' purchases of such cars. 
Experts differ vigorously over how large this niche market might become, a question that 
hinges in part on changing peoples' habits and in the part on how much batteries are 
improved and how much less expensive than conventional cars the small electrics 
eventually become.
One of the big advantages of a shift to efficient hybrid-electric vehicles is that they 
open up an array of new fuel possibilities. A main limitation of gaseous fuels such as 
natural gas and hydrogen is that they require relatively heavy and bulky storage tanks. But 
a hybrid might be able to go 700 kilometres (450 miles) on the equivalent of just 11 litres 
(three gallons) of gasoline. Assuming that such a vehicle were powered by natural gas 
rather than gasoline, a similar range could be achieved with a 0.9 m long, 13-kilogram 
pressurized natural gas tank that was built and certified for automotive use in 1993. Such 
cars would emit 85 percent less carbon dioxide than today's automobiles, and 95 percent 
less carbon monoxide and nitrogen oxides. Indeed, a well-designed hybrid would have 
lower emission than an equivalent battery-powered car that is recharged from the average 
mix of power plants in use today.
The environmental advantages of electric and hybrid vehicles need not be limited to 
passenger cars. In the past, many city buses were powered by overhead electric lines, and 
several manufacturers are now working on battery-powered and hybrid buses and delivery 
vans. -
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If half the US passenger car fleet were converted to efficient natural-gas-powered 
hybrids, less than a 7-percent increase in the US gas supplies would be needed to fuel them. 
If the other half were converted to battery-powered electric, less than a 10-percent increase 
in the country's electric power supply would be required.
In the longer run, hybrid technology could give an even greater boost to hydrogen 
fuel, which has the disadvantages of being bulky to store and expensive. As a result, 
hydrogen can only become an attractive automotive fuel if it is used very efficiently. One 
of the most promising long-term options is to use it in a fuel cell engine, similar to those in 
a spacecraft, that produces electricity at an efficiency of 35-65 percent. Although 
fuel-cell-powered cars and buses are already being developed, the technologies will need to 
be improved in order to be economical. In any case, both hydrogen and electricity open up 
the possibility of one day powering cars, trucks, and buses without using any fossil fuels at 
all.
Regardless of the mix of autos, buses, electrics, and hybrids that emerges, better 
storage devices will be needed. Most of today's electric cars rely on lead-acid batteries, 
chemical devices that carry an electric charge. Although such batteries have been used to 
start automobile engines since early this century, their high cost, short lifetime, and limited 
storage capacity are a drawback-even for hybrids. Since 1990, this has stimulated extensive 
efforts to develop a better battery, including the Advanced Battery Consortium (a four-year, 
$260 million joint development programme of the US government and the auto industry) 
and a similar effort in Japan.
Researchers see a potential to increase the energy storage capacity of lead-acid 
batteries by 50 percent or more, while other research teams are seeking to adapt the more 
efficient but costlier nickel-cadmium and lithium batteries used in computers and other 
electronic devices. Finally, a number of researchers are working on a range of new battery 
materials, from sodium-sulphur to zinc-bromine, nickel-chloride, and nickel-metal-hydride. 
A 1994 study by the California Air Resources Board suggests that battery technology 
continues to advance rapidly, and that by the end of this decade new batteries may double 
the 100-150 kilometre range typical of today's electric cars. In the longer run, even lower 
costs and grater storage capacities are within reach.
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One of the most promising storage devices now on the drawing board is the
flywheel, a mechanical battery that stores energy in the form of a spinning disk rather than 
in chemical form. Simple in concept, metal flywheels have found limited application for 
decades, but only became practical for motor vehicle use with the development of strong, 
lightweight composite materials that can be spun in a vacuum at up to 200 000 revolutions 
per minute. By the early nineties, several companies were working on advanced flywheels 
with electromagnetic bearings, an internal motor/generator, and the potential to store and 
release energy at an efficiency of more than 90 percent. The ability of flywheels to deliver 
large bursts of energy makes them particularly well suited to hybrid cars. And unlike most 
batteries, which would need to be, replaced several times during the life of a vehicle, 
flywheels would probably outlast most cars.
In Europe and Japan, by contrast, the major auto companies are more publicly
enthusiastic about their new investments. European manufacturers that have built
experimental electric cars include BMW, Mercedes, Opel, and Peugeot-Citroen, while
Volkswagen and Volvo are among those working on hybrids. Japanese auto companies,
which since the fifties have based their R&D programmes on U.S. regulatory standards,
have taken the California zero-emission requirement particularly seriously. Nissan, for
example, is working on a four-door electric car that will have a top speed of 90 kilometres
(55 miles) per hour and a range of 120 kilometres (75 miles). Like Toyota, Isuzu, and
Mazda, which are also developing electric vehicles, Nissan will find a guaranteed market
[791for its first sales: the fleets of local governments.
Peugeot is one company that has pursued the development of electric vehicles, 
seeing their potential application in corporate fleets as well as urban settings. A prototype 
known as the 205 Electrique, based upon the company's 205 production model, has recently 
been put forward. The designers believe that it meets the criteria for commercial feasibility. 
Unlike other electric prototypes, no structural modifications of the basic 205 body were 
required. In addition, the vehicle has a satisfactory urban range of 100 km (62 miles), a top 
speed of 100 km/h (62 mph) and it operates well in traffic.
The“205 Electrique is powered by 12 nickel-iron batteries placed under the hood 
where the engine would otherwise be installed, they increase the" weight of the vehicle 
about 20 percent over the conventional 205. The batteries deliver twice the power of
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conventional lead-acid batteries at the same volume with a maximum power of 17.5 kW 
(22.8 hp) at 1 500 rev/min. Providing power through a direct current electric motor, they 
have a life estimated to be 200 000 km and 1 500 recharge cycles. Maximum recharging 
time for the vehicle is estimated to be 10 hours, thereby enabling its use during the day with 
an overnight recharge.
Other European companies have been conducting research on electric vehicles as 
well. Volkswagen actually offered an electric vehicle, based upon its Vanagon, for sale in 
1980. However, at a price three times that of its gasoline-powered counterpart, sales of this 
vehicle, not surprisingly, were low.
VW has also been sponsoring a hybrid research programme that has developed a 
gasoline/electric unit that is installed in its compact Golf, where it achieves a maximum 
electric-only range of 352 km. The electric motor in this prototype can handle road loads on 
level ground up to 51.2 km/h; when more power is required, the gasoline engine is 
activated.
Activity on electric vehicles has also proceeded in Great Britain, but only on a 
demonstration or specialty-vehicle basis. With the goal of developing a practical system 
that realizes up to 50 percent fuel savings in urban public passenger and 
commercial-vehicle duties, the British Electric Vehicle Development Group (BEVDG) has 
initiated a hybrid electric-vehicle demonstration programme. Two commercial fleets-10 
minibuses and 10 light vans-will be built, road tested, and evaluated. In addition, GM's 
Bedford Commercial Vehicle Division has built a van powered by a 1 tonne battery pack 
that has a range of 80 to 96 km and a cruising speed of 80 km/h. The van is now being 
marketed to commercial fleets; some 33 can already be found in utility fleets in the United
States.
A study funded by the U.S. Environmental Protection Agency estimated that 17 
percent, or 1 000 000 of the automobiles in the Los Angeles region could be electrically 
powered without requiring their owners to change their driving patterns much. Assuming 
that the average conventional vehicle replaced would have traveled 50 km/day at 6 km/liter, 
approximately 18 million bbl of gasoline per year would be saved. One million electric 
vehicles would cost about $3.1 billion, which translates into $1.01/litre saved per
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year. To save the same amount of energy by improving transit operations, the cost would
be $61 billion. Thus, developing one million electric vehicles is a more cost-effective 
policy than encouraging a shift from automobiles to transit.
Electric vehicles have a life of about 20 years, conventional vehicles last 10 years. 
Therefore electric can be financed in longer period of time. And since electric vehicles 
probably travel less than conventional vehicles, their insurance rates can be proportionally 
lowered. Batteries, however, need replacement every few years.
6.1.6 Energy Conservation projects in developing countries
While in almost every country in the world urbanization has been accompanied by 
more intensive use of motorized transportation, in the cities of developing Asia these 
processes have occurred more rapidly and under different conditions. Planners are not 
prepared to deal with the pace of motorization caused by the startling speed of urbanization 
and growth of disposable income. In addition, planning responses have been constrained by 
inadequate resources, inappropriate administrative and institutional arrangements for urban 
management and lack of expertise, all in the face of competing demands for resources 
elsewhere in the public sector.
Industrialized countries have extensive experience with the various transportation 
energy conservation measures and have been making steady progress in improving the 
efficiency of their transport sector. Developing countries have also been making progress, 
but their experience in many aspects of transportation energy conservation is limited. At 
present, traffic congestion, inZefficient use of transport fuels and vehicular emission are 
problems that many cities in the developing countries are now facing. Road transport
accounts for between 70 and 86 percent of all pollutant emission.
6.1.6.1 Transportation, Oil Consumption, and Economic Development
The transportation sector is one of the largest energy users in developing countries 
and is often the primary consumer of oil. On average, developing countries use 44%  of 
their petroleum products in the transportation sector. In 29 countries the transportation 
sector accounts for more than 50% of total petroleum consumption fTable 6.16). Even in
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Brazil, which has an extensive fuel substitution programme under way, the transportation 
sector accounts for 47% of all petroleum consumption.
For most countries, 80% of the fuel consumed in the transportation sector is used 
for road transport, with rail, air, and water transport accounting for the remainder. Over 
90% of transportation fuel in Mexico, Indonesia, and Nigeria is consumed by road 
transport, while India, with an extensive rail network, consumes 56% of its transportation 
fuel in road transport (Table 6.17)
Paying for oil imports, even in a time of falling oil prices, seriously taxes the 
economy of many developing countries. Energy imports averaged 33% of merchandise 
exports in 1985 for low-income developing countries (excluding China), and 21 and 16%
respectively for lower middle-and middle-income developing countries. [120]
Transportation 
Consumption 
as% o f  
Total oil 
consumption
Transport oil 
consumption 
(ktoe)
Transport oil 
consumption 
per capita 
(toe 10-3)
GNP per capita 
(1983$)
Energy petrol 
products 
consumption 
(ktoe)
Population
(millions)
Kenya 91 937 0.050 340 1 027 18.9
Uganda 80 160 0.012 220 201 13.9
Nepal 72 65 0.004 160 90 15.7
Burma 65 669 0.019 180 1 026 35.5
Bolivia 63 661 0.110 510 1 052 6.0
Costa Rica 58 401 0.167 1 020 693 2.4
Pakistan 55 2 904 0.032 390 5 311 89.7
Tunisia 50 1 242 0.180 1 290 2 489 6.9
India 47 13 998 0.019 260 29 824 733.2
Thailand 46 4 400 0.089 820 9 645 49.2
Sri Lanka 42 559 0.036 330 1 335 15.4
Mexico 40 24 267 0.324 2 240 60 187 75.0
Hong Kong 39 1 884 0.355 6 000 4 864 5.3
Bangladesh 38 431 0.005 130 1 142 95.5
Morocco 36 1 402 0.067 760 3 943 20.8
Turkey 34 5 200 0.110 1 240 15 150 47.3
Indonesia 32 7 192 0.046 560 22 506 155.7
Dominican 26 534 0.089 1 370 2 055 6.0
Republic
South Korea 24 5 676 0.142 2 010 23 222 40.0
Philippines 24 2 321 0.045 760 9 689 52.1
Egypt 23 3 375 0.075 700 14 650 45.2
Malaysia 21 1 861 0.125 1 860 8 658 14.9
Papua New 15 90 0.028 760 606 3.2
Guinea
Singapore 10 944 0.378 6 620 9 307 2.5
Table 6.16: Consumption of oil in Transportation (1983) [120]
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Low-income 
developing country
Middle-income 
developing country
High-income developing 
country
Industrial country
India 56 Indonesia 92 Argentina 88 France 87
Kenya 35 Korea 63 Brazil 84 Italy 90
Pakistan 56 Nigeria 95 Cliile 82 UK 79
Turkey 83 Greece 59 US 85
Mexico 93 Germany 86
Table 6.17: Road transport energy consumption: 
percent of total transportation consumption
Demand for transportation tends to grow more rapidly than the economy in 
developing countries. From 1971 to 1982, the average annual growth in consumption of 
transportation fuels in a general cross-section of 37 developing countries was 6.7% (Table 
6.18) The average annual growth in gross domestic product (GDP) for these same 
countries was 5.1%. In 19 of these countries (51%), transportation fuel use growth 
exceeded GDP growth. The motorization rates and income levels, and per capita transport 
energy consumption and urban area density for four cities is shown in Figures 6.11 and 
6.12 respectively.
Motorized Vehicles/1000 Residents
250
200 Surabaya Bangkok
150 VaranasT “
100 “ Islamabad
4500 56001500 2500 3500500
GDP/Capita (1990 Dollars)
Figure 6.11: Motorization rates and income levels. [1221
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Figure 6. 12- Per capita transport energy consumption and urban area density. [122]
Transportation demand also rises faster than income, in part because private 
transportation is typically viewed as a luxury. As income rises, the purchase and use of cars 
increases proportionally faster as cars replace less preferred modes of transportation. In 
Asia, for example, car ownership grew almost twice as fast as GDP fforh 1978 to 1983 and 
ownership of trucks and buses grew about 2 1/2 times as fast as GDP. There remains a 
substantial potential for growth in vehicle ownership in Asia since the ratio of cars to the 
population is still low compared to Latin American countries. A USAID study performed 
by Resources for the Future estimated that developing countries as a whole have an income 
elasticity of 1.4 for motor gasoline consumption, 1.2 for all transport fuel consumption, 
1.65 for automobile registrations, and 1.1 for truck registrations. This means that a 1% 
increase in per capita income will cause a 1.2% increase in the consumption of 
transportation fuels and a 1.65% increase in automobile registrations.
Expected fuel price increases will not significantly moderate this trend, since the 
price elasticity for transportation fuel consumption in developing countries tends to be less 
than one, thus, an increase in the price of fuel will result in a less than proportional 
decrease in demand for fuel. The USAID study also found that in developing countries, the 
price elasticity is - 0.4 for motor gasoline consumption, -0. 15 for all transportation fuel 
consumption, -0.6 for automobile registrations, and -0.5 for truck registrations. This means
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that a 1% increase in motor gasoline price will only cause a 0.4% decrease in the 
consumption of transportation fuels and a 0.6% decrease in automobile registrations.
Country
Transportation 
consumption annual 
growth 1971-92
GDP annual 
growth (%) 
1970-82
Hong Kong 6.3 9.9
Korea 10.0 8.6
Singapore 10.9 8.5
Egypt II.O 8.4
Ecuador 20.2 8.1
Indonesia 15.9 7.7
Malaysia 14.4 7.7
Brazil 4.0 7.6
Tliailand 3.7 7.1
Tunisia 10.2 7.0
Algeria 15.6 6.6
Mexico 8.9 6.4
Dominican R. -1.9 6.0
Philippines -2.2 6.0
Ivory Coast 0.5 5.7
Kenya 2.2 5.5
Colombia 4.1 5.4
Turkey 0.4 5.1
Pakistan 7.8 5.0
Morocco 6.5 5.0
Burma 2.9 5.0
Panama 0.1 4.7
Portugal 4.1 4.5
Gabon 6.5 4.4 GNP
Greece 5.4 4.1
Venezuela 14.2 4.1
Bangladesh 31.3 4.1
Nigeria 15.2 3.8
Bolivia 8.4 3.7
India 1.7 3.6
Uruguay 1.5 3.1
Peru -2.6 3.0
Cliile -0.3 1.9
Argentina 0.1 1.5
Zambia 2.1 0.9
Zaire 2.3 -0.2
Jamaica -5.9 - 1.1
Average 6.7 5.1
Table 6.18: Transportation energy consumption growth. [120]
In sum, because demand for transportation services will rise with economic 
development, developing countries must ensure that their motor fuels are used as efficiently 
as possible. If the transportation sector in developing countries is not carefully managed, it 
may present serious hazards to economic development, including excessive fuel 
consumption (which creates high oil import bills and pollution), excessive traffic
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congestion (which impairs the functioning of the economy); and excessive wear and tear on
the nation's vehicle fleet (which entails extra costs in time, equipment, and disruption).
6.1.6.2 Problems of Urban Transport
The growth of motorized transport in cities of the developing world ^as contributed 
to an onslaught of metropolitan problems ranging from local air pollution to inefficient fuel 
use to heavy traffic congestion and noise to growing emissions of greenhouse gases. The 
problems are becoming extreme in cities like Bangkok and Manila, where damage to 
human health, congestion and inefficient fuel use are widely recognized as causing a 
significant dent in regional domestic product.
The combustion of fossil fuels in motor vehicles produces a range of noxious 
emissions that can threaten human health and aggravate existing health problems. These 
include carbon monoxide (CO), hydrocarbons (HC) and other volatile organic compounds 
(VOC), nitrogen oxides (NOx), ozone, lead, sulphur oxides (SOx) and suspended 
particulates (SPM). These local health irritants are a more immediate concern than carbon 
dioxide (CO2) and nitrous oxide (NO2), which contribute to global climate change.
Although other agents, such as industry, contribute to urban air pollution, motorized 
transport is almost always a major source of contaminants, especially in the largest cities. 
In Manila, for example, motor vehicles generate an estimated 99% of all CO, 90% of all 
HC, 50% of SPM and 5% of SOx Concentrations of hazardous air pollutants routinely 
exceed international standard set by the World Health Organization (WHO) in many of the 
cities of the developing world. At these levels, pollution is more than just a nuisance: it is a 
costly drag on community health and productivity.
The problem is worse, of course, at curbside, and those most affected are the police, 
street-cleaners and professional drivers who spend long hours on traffic-choked streets. In 
Bangkok, traffic police officers in particularly congested intersection were issued oxygen 
supplies as of June 1991, to mitigate the damaging effects of vehicular emissions. A study 
in Manila found that jeepney drivers were at substantially greater risk of health damage due 
to their long hours of exposure to heavy traffic conditions, and that in fact they had higher 
levels of coronary disease than other occupational groups tested. And in Bangkok, air
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quality surveys have suggested that, even indoors, pollution from external ambient air 
creates the most serious health hazards.
Clean-up costs also are significant: The Hong Kong Environmental Protection 
Agency estimates that the city pours hundreds of millions of dollars each year into trying to 
control air quality and remedy the negative impacts of past and present air pollution: -
Emissions because of motor vehicles in developing countries are less than one-third 
of the world total. Due to rapid urbanization and growth in motorized transport, however, 
that share will increase sharply. At the current rate of increase of 3.5% annually, 
developing countries currently account for about 45% of the increase in vehicle-related 
carbon emissions each year.
In many large Asian cities the growth of vehicle fleets has far outpaced the 
construction of road facilities needed to permit movement. Congestion and traffic delays 
have reached extreme proportions, slowing average traffic speeds to a crawl during peak 
hours. In Bangkok, traffic volumes on major arteries now exceed 90% of capacity 
throughout virtually the entire day, and during evening rush hours, the average traffic speed 
along most major roads in the city drops to less than 10 km/h. The situation is the same in 
Manila, where peak hour traffic speeds average only 11.6 km/h .
Aside from thwarting a city's economic development by increasing the costs of 
transportation and interaction (vital economic functions in a healthy city), this kind of 
paralyzing congestion leads to higher fuel use and therefore worsens the emissions 
problems caused by the growing vehicle stock. By lowering the speed at which vehicles 
travel, congestion also lowers vehicle fuel efficiency. An analysis of transportation in 
Tehran revealed that as vehicle speeds fell from 30 to 20 km/h., average fuel consumption 
per kilometre rose from 0.12 to 0.20 litres. In Manila, a jeepney or bus traveling at a speed 
of 8 km/h consumes over twice the amount of fuel per vehicle-kilometre as one travelling 
24 km/h. As a result of slower speeds, vehicles within urban areas often consume far more 
fuel than similar size vehicles outside the city. In Bangkok, small cars travel an average of 
one kilometre less per litre of fuel when driven within city boundaries. These higher fuel 
consumption levels mean costly additional oil imports. According to a recent estimate,
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vehicles caught in Bangkok's traffic waste approximately $1.4 million in fuel costs every
day.
In some of Asia's smaller regional cities, motorized transport has not yet emerged 
as a major problem, air pollution is still under control and traffic levels remain tolerable. 
The current path upon which many of these cities have embarked suggests, however, that 
unless precautionary measures are taken, they too will soon be witnessing problems similar 
to those in cities such as Bangkok and Jakarta. A recent study by the International Institute 
for Energy Conservation (IIEC) on transportation growth and energy demand found this to 
be the case in Surabaya, Indonesia. Amidst a rapid process of urbanization, Surabaya's 
population doubled between 1970 and 1990; during that same period, the number of 
motorized vehicles in Surabays rose approximately five-fold. Projections indicate that even 
if all the planned transport infrastructure improvements are made, Surabay's pollution 
levels will increase by at least 65% and may even double by the year 2 000, due largely to 
the growth of motorized transport. Under such a scenario, traffic jams, heavy noise 
pollution and soaring fuel consumption are also likely to become part of everyday life in 
Surabaya.
Things are different in Europe. For example the road traffic is forecasted to rise by
up to 142% by 2025 in Wales but it will not face the same problems as the cities in
developing countries, and the most important factors is déconcentration. England has a 
consistent trend i towards déconcentration during the past two decades, with a clear 
negative relationship emerging between the rate of growth of a place and its size.
During the 1970, a few very large cities lost 8% or more of their population, while 
many small and medium sized places gained by more than 15%. In other words: the British 
population is becoming more evenly distributed over space, and not just as a result of
suburbanization or local decentralization from the major metropolitan centers.
6.1.6.3 Trends in Urban Transport
A major share of all motorized transport in developing countries occurs in urban
areas. In India in 1989, nearly a third of the nation's 16.7 million motor vehicles, including
over half its cars and taxis, were found in just 12 major metropolises, representing less than
7% of the population. Manila alone possessed just under 40% of all vehicles registered in
the Philippines as of 1986 and over 50% of all private cars and taxis.
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Throughout the developing world, car ownership is far more pervasive in cities than 
in non-urban areas. While the number of cars per capita has risen in almost every nation 
over the past two decades, the increases have been far more dramatic in cities. The number 
of cars per 1 000 persons in Bangkok rose from 49.7 in 1970 to 108.3 in 1986. During this 
same time period, car saturations in Thailand increased from 5.5 to 14.4. In Jakarta, the 
saturation of cars rose from 18 to 44 per 1 000 persons between 1970 and 1987 versus 2.0 
to 6.8 for the nation of Indonesia as a whole.
In Asian cities, unlike in Latin America, automobile penetration levels have 
accelerated through the 1980s. These results show the disparate economic and household 
income performances of the two regions over this period. Bangkok's car population grew at 
an average Annual rate of 11 % between 1980 and 1987, and in the succeeding three years 
car sales increased nationwide, increasing 40% each year. Between 1980 and 1986 the 
private automobile fleets in Calcutta and Jakarta grew by 8.2% and 7.6% per year, 
respectively. Those cities which have implemented deliberate policies to manage the 
growth of motorized transport have been able to slow the rate of growth (e.g. Singapore 
5.7% between 1980 and 1990, and Hong Kong only averaging 0.7% annual growth 
between 1980 and 1989).
Less expensive than cars and often highly maneuverable in congested traffic, 
motorized two-and three-wheelers provide many middle-income city dwellers with an 
affordable means of private motorized transport. Mopeds, motorcycles and scooters have 
become widespread in Asian cities, where increasingly they have taken place of bicycles in 
daily travel. A survey of 550 households in Pune, India, indicated that the number of 
households with bicycles fell from 61 % to 29% between 1982 and 1989 while those with 
motorized two-wheelers rose from 17% to 41%. At higher income levels, urban inhabitants 
typically opt for cars and, thus, the ownership of two-wheelers tends to decline.
During the past two decades, the growth of two-wheeler sales has dwarfed the 
expansion of car fleets and urban populations throughout much of developing, Asia. While 
India's car population grew at an average annual rate of 3.1% between 1970 and 1982, the 
nation's-two-wheeler population rose by 14.6% per year. Between 1980 and 1986, the 
number of two-wheelers in Bangkok rose more than three-fold, at a rate 12 times more
Amir A. Sadighi PhD Thesis, March 1998
Chapter 6, Energy Conservation in Transportation _________________ 235
rapid than that of the population. As a result, saturation levels in many Asian cities rival or
surpass the saturation of private cars. As of 1987, Delhi and Jakarta had 106 and 85
two-wheelers per 1 000 persons, respectively several times the saturation of cars for the
same year. Currently two-wheelers comprise a major share of the vehicle fleets in a number
of Asian cities. This phenomena appears to be taking place in the less urbanized area of
Asia as well as in the big cities. Only 23% of Thailand's private automobile fleet lay
outside of Bangkok in 1986, whereas 76% of the nation's two-wheelers could be found
outside the city.
Perhaps for reasons having to do with income, topography and culture, motorized 
two- and three-wheelers are far less prevalent in Africa and Latin America. Buenos Aires 
had only 19 two-wheelers/1 000 persons in 1985 and Mexico City had less than one 
two-wheeler/1 000 persons as of 1988.
Public transportation plays a major role in Asian cities, even in those with relatively 
high levels of car ownership. Before the development of the light rail system in Manila, 
buses, Jeepneys and tricycles accounted for approximately 74% of the city's passenger 
trips. Similarly, in Hong Kong, about 90% of all trips occur via public modes (buses, rail 
and taxis).
The growing demand for public transportation in cities of developing countries has 
significantly outpaced the expansion of the urban population. For example, while the 
population of Hong Kong expanded by 40% between 1971 and 1986, the number of trips 
on public transportation grew by 86%.
Despite far lower levels of private vehicle ownership and a far greater reliance on 
public modes, the saturation of buses in the cities of the developing world is notably lower 
than in industrialized world cities. An estimate for the mid-1980s placed bus saturations at 
48 buses per 100 000 persons in Asian cities versus 90 buses per 100 000 in the UK. Buses 
in developing countries tend to be far more heavily loaded, and frequently operate over 
their nominal capacities (with resultant heavy wear on mechanical and chassis parts). In 
India, for example, equivalent buses carry an average of twice as many passengers per day 
as those in the UK. Fleet maintenance programmes are typically, jeopardized by scarce
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resources, so this heavy use pattern combined with roadways which are often in poor
condition shortens the life span of much of the transit equipment.
About 20 cities in developing countries now have subway systems in place, and 
various others are in the process of planning rail systems. Studies from both Manila and 
Hong Kong indicate that rail systems may tempt bus users, but do not necessarily lure 
passengers away from cars or other private modes. The development o f a rail system in 
Hong Kong served to stabilize the demand for bus services during the 1980s. As of 1989, 
Hong Kong’s subway carried 1.9 million passengers each day, twice the number as in 1982; 
over this same period, the number of bus passengers remained steady at 3.6 million. These 
results are supported by the recent example of Singapore, which has introduced one of the 
newest and most efficient high-capacity rail transit systems in the world. Compared to the 
modal distribution before introduction of this MKT (Mass Rail Transit) system, the recent 
data show, particularly for trips to work, that the MRT has captured passengers only from 
buses, while the popularity of private cars has continued to increase.
. vSî e i . -Despiteclhe potential contribution they may make to improving traffic conditions 
and urban efficiency, rail systems require heavy levels of initial investment, high continued 
subsidies and lack the route flexibility of bus and paratransit systems. Hong Kong's Mass 
Transit Railway system is one of the few underground systems in the world to actually 
make a net profit. Nonetheless, Hong Kong is still burdened with repaying the substantial 
loans required to finance the system's construction. Such systems are not affordable for 
many developing world cities.
From an energy perspective, the extent of the savings offered by the use of rail 
systems over buses is not clear. On an energy use per passenger-kilometre basis, Hong 
Kong's Mass Transit Railway (MTR) appears energy-intensive relative to other public 
modes. Estimates from 1985 indicate that energy consumption for the MTR averaged 1,3 
MJ/passenger-km whereas energy consumption for public light buses averaged 0.7 
MJ/passenger-km. Energy Use for air conditioning and for escalators in railway stations 
contributes to this high energy demand.
Lack of public transit in many cities in Asian developing countries has contributed 
to a heavy reliance on intermediate transport modes, such as taxis, shared taxis, minibuses,
Amir A. Sadighi PhD Thesis, March 1998
Chapter 6, Energy Conservation in Transportation 237
jeepneys, samlors, bicycle rickshaws (trishaws), etc. These intermediate, or paratransit 
operations appear to be somewhat haphazard and irregular, and are often referred to as 
"informal" transportation. However, in most cases these modes are highly organized. The 
structure of these transport operations varies widely depending on the nature of the local 
technology and institutional structure preferred. For example,, the 8-14 passenger jeepneys 
in Manila, which carry the largest share of commuter traffic in that city, are normally 
leased by the operator on a daily basis, with routes, fares and terminals organised by 
special-purpose cooperatives. Trishaws or samlors (such as the infamous Bangkok 
"tuk-tuks") are popular motorized versions of the traditional Asian rickshaw.
The use of pedal bicycles and trishaws remains widespread in Asia, however, 
especially compared with African or Latin American cities. In 1985, China had 150 million 
bicycles, 47% of which were located in cities. Estimates for the year 2000 place the number 
at 500 million. In Beijing, where the bicycle fleet grew 12.4% between 1980 and 1988, 
bicycles currently account for 54% of total passenger-trips. China's cities are reliant on the 
bicycle as the cornerstone of the transportation system, even for trips as long as 20 km.
However, bicycles themselves can contribute to traffic congestion. In the early 
1990s it was estimated that during the peak travel hour approximately 30 000 bicycles and 
1 500 motorized vehicles crossed the busiest intersections in Chinese cities. Compared to 
public transit, bicycles use up a lot of roadway space per person during peak travel hours. A 
fully loaded bus carrying up to 100 passengers requires no more road space than eight 
bicycles (or two cars). And as motorized traffic volumes increase, other problems arise 
with bicycles as a principle transport mode. Particularly when bicycle intersections and 
rights-of-way are not separate from other vehicular traffic, collisions and congestion result. 
Bicycle traffic clogs roadways and slows down other vehicles.
6.1.6.4 The Case of Costa Rica.
A demonstration for taxi and bus fuel efficiency was carried out in Costa Rica in 
1985. By controlled implementation and a careful statistical design, it was possible to 
quantify the effects of:
• Driver training,
• Fuel economy maintenance.
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• Radial tyres, and,
• Driver incentives for buses and taxis in normal operations in San Jose.
The demonstration was sponsored by the Energy Sector Directorate (DSE) of Costa 
Rica with the cooperation of the Ministry of Public Works and Transportation (MOPT) and 
the Costa Rican Petroleum Refinery (RECOPE). The USAID furnished support and 
technical assistance. The DSE determined that the project should focus on taxis and buses. 
Since the government of Costa Rica has the greatest involvement in these modes. The chief 
actors were the bus cooperative (Empresa Guadelupe Ltd) and taxi cooperative 
(COOPETICO) which volunteered to participate. Empresa Guadeloupe is a medium-sized 
cooperative of individual bus owners which operates 41 buses over routes in the San Jose 
area. COOPETICO is the largest taxi association in Costa Rica. COOPETICO's 700 taxis in 
San Jose and 300 in the provinces comprise more than half of the Costa Rican taxi fleet.
A factorial design was used to detect the major effects of the four treatments 
(maintenance, radial tyres, driver training and incentives) as well as possible interactions 
among them. Each treatment has two levels (with or without) so that it constitutes a 
2x2x2x2 factorial design with 16 possible combinations of treatments. In this design, half 
of the vehicles were randomly assigned to receive enhanced maintenance. Half of those 
receiving enhanced maintenance and half of those not are randomly assigned to receive 
radial tyres. Because the number of vehicles available to participate in the test was limited, 
they decided to use repeated measures for driver training. That is, vehicles were randomly 
assigned to the eight combinations of other treatments (with and without maintenance, 
radial tyres, and incentives) but all vehicles were measured for one month before driver 
training and for one month afterwards. Since driver incentives logically accompany driver 
training, no incentives were offered during the first month of the demonstration.
The maintenance procedures and switching of tyres for the two demonstrations 
were completed in 11 days. The enhanced fuel economy maintenance consisted first of a 
thorough inspection of vehicles for faults and repair of any fuel efficiency-related defects. 
Most of the taxis were one year old or less so that few were in need of significant repairs. 
The same continuing maintenance programme was carried out for both taxis and buses but 
on a slightly different schedule. Routine maintenance work was carried out at Empresa 
Guadeloupe's own garage for the buses and at a nearby filling station and garage for the
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taxis. Complex repairs, such as those involving pumps and injectors were carried out at
shops in San Jose specializing in such work.
In order to test the effect of radial tyres a rather complex exchange of tyres was 
required. Since nearly all the taxis in the demonstration were relatively new (0-100 000 km 
accumulated kilométrage) many still had their original radial tyres. Those randomly 
selected for the non-radial group had to have their radial replaced with bias ply tyres. Most 
buses, on the other hand, use two radial tyres on the front wheels and four bias ply on the 
rear. Similar tyre exchanges were required to create radial groups.
Monetary incentives were offered to bus drivers who improved their fuel efficiency. 
Drivers got 35% of any savings under 5%, 50% of savings between 5-10%, and 65% of 
savings above 10%. The incentives could only be applied to drivers who did not own their 
buses (17 of the 24 drivers of the 12 buses in the incentive group). There were no 
incentives for taxi drivers.
Despite relatively high levels of noise in the data, the rigorous sample design and 
large numbers of observations allowed the researchers to identify statistically significant 
results. Driver training was effective in saving fuel in both taxis - (litres/100 km were 
reduced 14-15%) and buses (2.5-3.3% average reduction in litres/100 km). Maintenance 
was effective for buses (saving 5.7- 7.4%) but not taxis (most taxis in the sample were 
nearly new). The monetary incentives for bus drivers had no significant effect. The most 
surprising result was that on the buses radial tyres tended to increase fuel consumption 
from 1.8-3.3%; this result was statistically significant. All of these results were robust with 
respect to the details of method of estimation and choice of the beginning and ending dates 
of the demonstration.
6.1.6.5 The Case of Korea.
The importance of factors for the highway, community members, and government 
was found out by a study in this country.
— ' For the importance of factors which are of interest to the highway user 
group (see Table 6.19) 'safety' was the most significant with 43 % of the relative weight 
and 'travel time' appeared the second most important with about 20% of relative weight. An
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interesting result is shown here that 'travel cost' comes out the least important with only 
under 6%. 'Convenience' and 'congestion' have weights of 17% and 14%, respectively. 
During the past decades, community-related factors were seemingly ignored. No one 
considered seriously the community members and their interests in the evaluation process 
of highway improvement projects. They emphasized economic efficiency or at most only 
considered a small portion of the community related factors such as environment or right of 
way acquisition.
TT TC SF CG CV Wi
TT 1 4.1 1/2.6 1.6 1.2 0.20455
TC 1/4.1 1 1/4.7 1/3.1 1/3.3 0.05693
SF 2.6 4.7 1 3.4 3.0 0.43003
CG 1/1.6 3.1 1/3.4 I 1/1.3 0.13890
CV 1/1.2 3.3 1/3.0 1.3 1 0.16966
Table 6.19: The Pairwise Comparison matrix - Highway Users.
Legend;
[126]
TT: Travel time
TO: travel cost
SF: safety
CG: congestion
CV: convenience
Wi: relative importance of group i
As for community members (Table 6.20) 'household displacement' is seen to be the 
most significant with nearly 27% of relative weight, while 'convenience' shows the lowest 
weight with under 13%. The other three factors, 'regional equity', 'air pollution' and 'noise 
impact', have balanced importance with around 20% each of the relative weights.
For the relationship of the seven government-related factors (Table 6.21), 'regional 
equity' shows the highest weight with about 23%; the second most important is 'safety' with 
about 21% of weight. 'Air pollution' comes out with about 17%, 'project cost' with about 
12%, while 'congestion' has a weight of about 11%. Some interesting points can be seen 
here. The government, as with the highway users, is less concerned with economic-related 
factors such as 'return on investment' (8%), 'energy consumption' (8%), and 'project cost',, 
etc. 'Return on investment', in the real world, has been the most commonly used criterion
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for the selection or prioritization of highway improvement projects. This is true when only
the economic analysis is introduced into the picture.
RE AP NI HD CV Wi
RE 1 1.3 1 1/1,5 1.5 0.20481
AP 1/1.3 1 1/1.5 1/1.1 2.1 0.19352
NI 1 1.5 1 1/1.6 1.5 0.20805
HD 1.5 1.1 1.6 1 1.9 0.26831
CV 1/1.5 1/2.1 1/1.5 1/1.9 1 0.12529
Table 6.20: The Pairwise Comparison Matrix - Community Members, [1261
Legend;
RE; regional equity
AP; air pollution
NI; noise impact
HD; household displacement
CV; convenience
WI; relative importance of group
SF CG RI PC EC RE AP Wi
SF 1 2.3 2.3 1.6 2.9 1/1.2 1.3 0.21050
CG 1/2.3 1 1.3 1/1.1 1.6 1/2.1 1/1.6 0.10774
RI 1/2.3 1/1.3 1 1/1.6 1 1/2.6 1/2.1 0.08266
PC 1/1.6 1.1 1.6 1 1.6 1/2.1 1/1.5 0.12123
EC 1/2.9 1/1.6 1 1/1.6 1 1/2.5 l/2;4 0.07659
RE 1.2 2.1 2.6 2.1 2.5 1 1.3 0.22673
AP 1/1.3 1.6 2.1 1.5 2.4 1/1.3 1 0.17451
Table 6.21: The Pairwise Comparison Matrix - 3: Government
Legend;
[126]
SF; safety
CG; congestion
RI; return on investment
PC: project cost
EC; energy consumption
RE; regional equity
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AP: air pollution
Wi: relative importance of group i
6.1.6.6 - The Case of Singapore
Singapore is a densely populated island city state. It has a land area of 641 km^ and 
a population of 2.87 million in 1993. Growth of GDP in real terms exceeded 8% per year in 
the past three decades. Population growth and rapid economic expansion have led to 
significant increases in transportation needs.
Since the early 1970s, a primary concern of Singapore's land transportation policy 
has been to relieve road traffic congestion. An integrated approach based upon various 
technical, regulatory and policy measures has been adopted to meet this objective. The 
construction of a mass rapid transit (MRT) system commenced in 1982 and it came into 
operation in 1987. The road network has been expanded and upgraded, and two 
underground road tunnels in the city centre were completed in 1991. Other measures to 
relieve road traffic congestion include control of motor car population through fiscal 
means, introduction of a vehicle quota system in 1991, and the implementation of several 
innovative traffic management systems. The policy of vehicle population and usage control 
has been matched by investments in road and public transportation infrastructure which are 
integrated and closely coordinated with land use planning.
The restraint on car ownership is based on the rationale that a car takes up a 
disproportionately large road space compared to the number of passengers it can carry. To 
discourage car ownership, various fiscal measures have been taken and a summary is given 
in Table 6.22. The purchase price of new cars have risen consistently, and by a factor of 
seven to ten between 1974 and 1994 on average. For example, the purchase price of a new 
Toyota Corolla (1 300 cc) was S $ ll 000 in 1974 but it was S$100 000 in 1994, while that 
of a Mercedes Benz (2 000 cc) increased from S$31 000 to S$240 000 over the same 
period. Taking inflation into account, the car purchase price still increased by about four to 
five times in real terms between 1974 and 1994.
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Customs duty: The customs duty has been 45% of the open market value (OMV) of the car. 
The OMV comprises manufacturer's price, insurance and freight charges.
Vehicle registration fee: Increased from S$15 to S$1 000 on 6 February 1980.
Additional registration fee (ARF): First introduced Oct. 17, 1972; at a rate of 25% of the 
OMV of the car. The rate was subsequently raised to 55% (Jan. 1, 1974), 100% (Dec. 31, 
1975),125% (Feb. 28, 1978), 150% (Feb. 6, 1980), and 175% (Oct. 17, 1983). After 
implementation of the vehicle quota system, the rate was reduced to 160% (Nov. 1, 1990) and 
to 150% (Feb. 1, 1991).
Preferential additional registration fee (PARF): Introduced on December 31, 1975 and 
applicable for replacement of old cars with hew ones. This is ARF at rates lower than normal 
and is related to engine capacity. After October 17, 1983, the rates varied from 45% of the 
ARF for cars less than 1 000 cm  ^ 65% of the ARF for cars more than 3000 cm^ . After 
November 1990, the PARF benefit has been fixed at 80% of the original vehicle import value 
at time of registration.
Road taxes: The rate per year was $0. 10 per cm  ^prior to Nov. 17, 1972. It has since been 
raised periodically. The annual rates per cc in effect since Nov. 10, 1988, vary from S$0.70 
for cars less than 1 000 cm  ^to SS1.75 for cars more than 3000 cm .^
Vehicle quota sy>tem: Implemented on May 1,1990, to effectively regulate and control the 
vehicle population. The quota of new vehicles allowed for registration per month is 
predetermined. It is set according to the prevailing traffic conditions which in turn depend on 
the number of old vehicles scrapped, the pace of road construction and implementation of 
new traffic management schemes. Buyers of all new vehicles take part in a monthly public 
tender and the successful bidders are allowed to buy the fixed number of vehicles allocated. 
Road vehicles are divided into eight categories. In each vehicle category, all successful 
bidders pay the same tender price which is determined by the lowest successful bid price in 
the category.
Impacts of car restraint policy on gasoline and diesel fuel consumption:
Gasoline___________Diesel_______ Total
Estimated 1990 consumption 1286 458 1744
without restraint policy 
(10* litre)
Actual consumption in 1990 741 465 1206
(10* litre)
Impacts on consumption -545 +7 -538
(10^ litre)______________________________________________________________________
Table 6.22: Fiscal measures to discourage car ownership and estimated savings in fuel 
consumption as a result of the car restraint policy
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Between November 1972 and May 1990, the purchase price of a new car consisted
of the following elements: (a) the open market value (OMV) which was the vehicle import 
cost, (b) a customs duty, (c) a vehicle registration fee, (d) an additional registration fee 
(ARF), and (d) the dealer’s cost/profit margin. During this period, the primary instrument to 
discourage car ownership was to adjust the ARF rate, which was raised in steps from 25% 
to 175% of the OMV. In December 1975, the preferential ARF (PARF), which was 
applicable to replacement of old cars with new ones, was introduced. The main objective 
was to phase out old vehicles. All these pre-1990 fiscal measures have been effective in 
lowering the rate of growth of the car population. However, car population still increased at 
an average annual rate of 4.1 % between 1974 and 1990 due to increases in household 
incomes. The implication is that the demand for cars would remain high as household 
incomes continue to rise. As a major change in the approach to problem solving, the 
Government, in 1990, introduced a vehicle quota system to effectively control the vehicle 
population. Some details of the system are given in Table 6.22. Car running costs have 
also increased markedly over the years. Higher engine capacity cars pay progressively 
higher road tax rates. From 1975 to 1991, the annual rate per cc for cars with engine 
capacities of 1 000 cm3 or less increased from S$0.20 to S$0.70, while that for the category 
2001-3000 cm3 increased from S$0.65 to S$1.75.
The Area Licensing Scheme (ALS) is a road pricing scheme implemented in 1975 
to discourage car drivers from entering the Central Business District (CBD) during the 
morning peak hours. It has been in operation for 20 years and has proved to be reliable, 
easily comprehensible, and relatively cheap to enforce and operate. The original scheme 
required a car, when entering a designated restricted zone (RZ) of 6.1 km2 to have at least 
four occupants (including the driver) or to display a dated license costing S$3 per day on 
the windscreen. The operating period was from 7:30 a.m. to 9:30 a m. except on Sundays 
and public holidays. As part of the scheme, pick-up points were set up at housing estates 
and other strategic locations to enable commuters to car pool. Road vehicles other than 
motor cars were exempted from the scheme. AH the 22 entry points to the RZ were spanned 
by conspicuous gantries which were manned during the operating period by enforcement 
offices. These officers would take down the registration number of offending vehicles. 
Offenders would not be stopped in order to avoid bottlenecks; instead, they would be sent a 
ticket through the post and charged at a later date.
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The capital cost of implementing the Area Traffic Control (ATC) in 1981 was 
$S6.5 million and the annual operating cost is $8645 000. The simple payback, based on 
fuel-cost alone, is 14 months. The operating cost is also very much lower than the annual 
fuel-cost savings. Despite the fact that is primarily aimed at improving traffic flow and- 
reducing congestion, the ATC scheme is economically justifiable based on fuel savings. 
The average vehicle speeds in the ATC zone (km/h) is shown in Table 6.23.
Morning Peak OffPeak Afternoon Peak
Before Implementing ATC 25.7 23.8 18.6
After Implementing ATC 31.7 27.5 22.6
Difference 6.0 3.7 4.0
Table 6.23: Average vehicle speeds in the ATC zone (km/h) 1981 [130]
During the last two decades, a lot of work has been done in technical and 
managerial aspects of energy conservation in transportation. Study of these achievements 
could be beneficial in attaining similar goals in Iran.
A paper was presented to the First National Energy Congress in Tehran, Iran, in 
Spring 1997 about energy conservation in transportation. The abstract is shown in 
Appendix J. This paper was presented in Farsi.
Amir A. Sadighi PhD Thesis, March 1998
Chapter 6, Energy Conservation in Transportation   246
6.2 Energy and Transportation in Iran
In this section the contribution of the transport sector on the Iranian economy, 
energy used in transportation, and characteristics of the transport sector in the LR. Iran will 
be discussed.
6.2.1 The Transport Sector Contribution on Iranian Economy
A Comprehensive Transport Study Plan of the Plan and Budget Organisation (PBO) 
has estimated the added value and share of transport services in GDP. Transport services; 
warehousing and communications have a share of 10% of the sectors added value in 1985. 
The figures indicate that road transport has the largest share in the transport sector's added 
value with more than 85%, almost entirely generated by the private sector. Air, railways 
and sea transports added value is mainly generated by the government.
The railway's share in the transport sector is only 3.5%, while the air transport 
which has significantly increased its share in recent years, represents 8%. Sea transport 
share have been falling, representing only 3.5 %. However, since the end of the war, 
foreign trade has tended to develop and helped sea transport to grow as fast as the foreign 
trade.
The values of exports and imports have increased by 54 and 100% respectively 
since 1988. In volume, and considering port traffic only (exclusive o f hydrocarbons), the 
total o f exchanges which stagnated at around 10 Million tonnes between 1980 and 1988 
have nearly doubled since that date and now reaches almost 20 Million tonnes. This 
increase in exchanges reflects the economic activity recovery since the end of the war and 
more recently the will to open up the country to the outside, which is made easier by the 
regulatory measures relating to exchange rates taken within the framework o f the first 
Five-Year Plan.
In the port sector the increase in exchanges results in an 8.4% average increase in 
the total traffic of the 7 main Iranian ports, mainly because of the increase in imports which 
account for-88% of the total traffic.
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The exports of hydrocarbons represent the major part of exports in value (around
90%), increasing from 1.5 million barrels a day (MBD) at US$ 14.2 in 1988 to 2.3 MBD at 
US$ 21.4 in 1993. The rest of exports in value mainly consists of agricultural products and 
traditional manufactured products (mainly carpets), and to a lesser extent industrial 
products. Imports remained stable for a long time, from 1980 to 1988 and have increased 
considerably since that time. They mainly consist of consumer goods, which reflects the 
needs to be niet at the end of the war, and semi-processed goods required by the strong 
revival o f growth in the Islamic Republic of Iran. On the average, between 1990 and 1994, 
imports increased by 25% yearly.
Regarding the employment contribution of the transport sector, the available figures 
published by PBO in 1994, 875 000 people were employed in the transport sector in 1984, 
(93% of them in road transport). In 1994, 4.3 million people earned their living working in 
transport services.
6.22 Characteristics of the Transport Sector of the LR. Iran
This section aims to clarify the main characteristics of the country transport sector 
for the different modes of transport (road, rail, air, maritime) from three aspects:
• Infrastructure (network, facilities, etc.)
• Fleet
• Traffic
This characterisation is essential to understand further the impact o f transportation 
on the energy demand.
6.2.2.1 Road Transport
6.2.2.1.1 Road Network
In 1991-92, the Iranian road network comprised altogether 163 546 kilometres of 
roads, outside urban areas. By category of a main road, the network with a length of 60 849 
km, can be summarised as follows:
• 441 km of freeways
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• 943 km of expressways,
• 18 524 km of national roads
• 40 941 kilometres of provincial roads
Other roads with lower specification account for 43 380 kilometres of rural roads 
and 59 317 kilometres of access roads. The total of the roads paved is about 14%. 
Transport's facilities suffered a serious damage during the eight-year war with Iraq.
The largest part of expressway and many o f the road networks were built after the 
revolution. The annual overall growth rate of this network is 2.6%, while the population is 
growing by 3.6%. With freight traffic also increasing faster, there is growing gap leading to 
a serious shortage in transport capacity and increasing level of road congestion.
Main highways provide connections between Tehran and the provincial capitals. 
However, the distribution of main road network is relatively rich in the northern and 
Southwest region but poor in the rest of the country.
6.2.2.1.2 Vehicle Fleet
The figures presented below result from available statistics, particularly those 
presented by PBO and Ministry of Energy in 1994.
The estimation for the year 1990 leads to a total fleet of about 3.8 millions of 
vehicles in the country. The breakdown is as follows:
• cars: 2 100 000
• Motorcycles: 1 200 000
• Vans: 300 000
• Buses/coaches: 138 000
• Cargo trucks: 71000
According to the Statistical Reflection of the Islamic Republic o f I.R.I. No 9, 
Between 1983 and 1987, the number of motor vehicles registered (annual sales) dropped at 
an average xjf 30% annually as a result of restrictions on imports and insufficient level of 
vehicles domestically produced. The existing automobile technologies which is from the
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60s, is fuel inefficient. It seems that a lack of incentives to national car makers to produce
more efficient engines are not contemplated in the current national policies.
The turn-over rate is extremely low. Private car ownership of about 36 cars/1 000 
inhabitants which is low (this figure is about 450 cars/1 000 inhabitants in European 
countries). In spite of high average age of the fleet, which is more than 15 years, no 
regulations or facilities exists for periodical technical inspections. These are both however 
contemplated to guarantee a minimum level o f emission and fuel consumption.
As for cargo motor vehicles, capacity is low. Indeed, vans account for 68%, while 
cargo truck represents only 32%, including a high proportion of trucks with capacity under 
20 tonnes.
6.2.2.1.3 Road Traffic
Both passengers and freight traffic must be considered, separately. As far as 
passengers traffic is concerned. Urban and inter-city traffic needs to be studied.
Urban Passenger Traffic by Road
The rapid urbanisation in the Islamic Republic of Iran lead to an annual growth in 
the volume of traffic of about 10% per year in terms of passenger-kilometres: this is 4.6% 
due to demographics, 3.5% due to the spreading out of urban areas and at least 1.5% due to 
higher mobility per person.
On the basis of an average of 24 000 km/veh/year, and supposing that 70% of 
kilometres (56 km/veh/day) are in urban areas with an average occupancy rate o f 2 
person/veh, the urban traffic related to 2.1 millions private cars can be estimated at 235 
millions of passenger-km per day.
Regarding traffic condition, in Tehran, in spite of regulations to close the centre of 
the city to general traffic during work hours, traffic is congested. Traffic lights are missing. 
Parking policy is unclear. Formal pedestrian crossing does not exist. Buses, trucks and cars 
flow together. Roads are in poor conditions.
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The forecasts for the growth in passenger traffic by private cars at the present trend 
(10% per year) lead to a figure of about 400 million passenger-km per day by 2000 in urban 
areas. That means more than doubling the demand in only 8 years (year of reference is 
1992). The subway under construction will relieve Tehran of road congestion. But until the 
system starts operation, management measures need to be taken to meet the requirement of 
the urban transport demand.
Inter-city Passenger Traffic by Road
The sub-sector of inter-city passenger traffic has also seen growth, but, due to a lack 
of reliable data, it is not possible to determine the actual demand and trend.
The rate of growth of inter-city traffic by road should increase as the road system 
will be improved, which is necessary for social and development reasons.
Freight Traffic by Road
Estimations are based on available figures. Total freight traffic was about 143 
millions tonnes/year in 1990 of which 20 millions are involved in foreign trade and the rest 
domestic activities. By mode, traffic breaks down as follows:
Mode of T ransport Freight Share
(thousands tonnes/year)
Road 125 000 85%
Rail 18 000 15%
Table 6.24: Freight transport bymodein Iran (1990)
In road traffic, agriculture predominates, followed by industrial products, 
(particularly cement from 10 plants) and mining products. The growth of road traffic 
depends on the Industrial and agriculture growth rate but also depends on road systems 
improvements and fleet capacity.
There are about 2 000 companies owning 138 000 vehicles. Most of them are low 
capacity. The traffic per vehicle and per year is around 1 000 tonnes/veh/year. This is 4 
times less than a typical West European figure.
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6.2.1.2 Railways
6.2.2.2.1 Rail Network
The network extends 4 567 km, including 149 km of electrified line (Tabriz-Jolfa) 
The network comprises three main axes: The first is a. North-South line which connects 
Bandar-E-Torkaman on the Caspian sea to Bandar-E-Imam Khomeini on the Persian Gulf. 
The second line links Tabriz to Mashhad in the North-east, through Tehran. The third axis 
is still partly under construction and connects the North-west to the South-east of the 
country. At present, it links the former Soviet Union and Turkey to Kerman.
6.2.2.2 2 Rail Rolling stock
At present, the rolling stock comprises: 297 Locomotives; 196 manoeuvre 
locomotives; 13 162 cargo carriages; and 782 passenger's carriages. This is insufficient to 
meet the requirements, particularly for inter-city passengers.
Bottlenecks and shortages in rolling stocks weaken the railways' effectiveness 
especially for bulk' goods over long distances, precisely where railways are economically 
best suited.
6.2.2.2.3 Rail Traffic 
Passenger Traffic
Railway passenger traffic, with 7 million passenger-km in 1990, represents a 
small share o f the land traffic. The annual rate of growth between 1984 and 1988 was 
negative (-1 %). The railway doesn't provide convenient passenger services.
Freight Traffic
As mentioned above, rail traffic represents 15 % of the total land traffic or 
18 million tonnes in 1990. Between 1984 and 1988, freight traffic grew at a rate of 2.4% 
per year and accelerate its growth rate in the last few years. This capacity reached 25 
million tonnes in 1995.
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6 2.2.3 Civil Aviation
6.2.2.3.1 Aviation Network and Infrastructures.
There are 27 airports in operation, of which 12 are suitable for large aircraft. and 5
!for international traffic. So far as fleet, there are 58 passenger airplanes and 2 cargo planes 
in 1994. The fleet has been renewed to meet the domestic demand which is growing at a 
rapid rate.
6.2.2.3.2 Air Traffic
In 1987, aviation traffic in I.R. Iran represented more than 985 000 international 
passengers of which 90% were transported by Iran Air. Domestic market air traffic was 4.2 
million passengers and 23 000 tonnes of cargo.
6.2.2.4 Shipping
6.2.2.4.1 Ports and Facilities
The country marine traffic takes place through 2 ports in the Caspian sea (Bandar 
Anzali and Nowshar) and three main ports located on the south: Bandar Imam, Bandar 
Rajaee and Bandar Bahonar.
6.2.2.4.2 Fleet
The 87 ships owned by Iran shipping lines comprise 3 passenger carriers; 30 
general cargo ships; 43 bulk vessels; 3 tankers; 2 containers carriers and 3 refrigerated 
vessels. The total capacity is o f 2 331 000 tonnes of cargo and 1 734 seats.
6.2.2.4.3 Maritime Traffic
After the revolution and years of war, the economy of Iran is picking up and traffic 
is increasing. In volume, and considering port traffic only (without taking into account 
hydrocarbons), the total of exchanges which had stagnated at around 10 millions tonnes 
between 1980 and 1988 has nearly doubled since that date and now reaches almost 20 
million tonnes.
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This strong progression is due to import which represents 88% of all traffic. More 
than 80% of the total traffic is through the three main ports located on the South: Bandar 
Imam (36%); Bandar Rajaee (30%) and Bandar Bahonar.
During the war, 50% of the country port traffic passed through the Port o f Rajaee 
with a tonnage of 8 million tonnes, overtaking the Port of Imam. Since the end of the war, 
activities have resumed in the Port of Imam which slightly surpasses Rajaee in terms of 
tonnage. Rajaee currently handles 30% of the total port traffic, against 36% for Imam. The 
political will of the government is to reach the equilibrium between the two ports in the 
future, in order to secure a better safety for the country in the face of the larger risks 
incurred by the Port of Imam on account of its location near the border with Iraq. This 
political will is embodied with the railway project between Sirian and Bandar Abbas which 
would allow to ensure direct communication between Tehran and Rajaee and facilitate the 
relations between Rajaee and the northern part of the country.
6.2.3 Energy Consumption in Transportation
The total refined oil products consumption in Iran in 1990 was nearly 50 million 
toe. I f  the demand for oil products in the domestic market continues to grow at the rate of 
5.3% per year, by 2007-8 oil demand will have doubled to 103 million toe compared to the 
consumption in 1990. To meet these requirements, either the capacity o f domestic 
refineries must double or imports must be strongly increased, or energy conservation 
measures should be used.
Almost 100% of the energy consumed in transport is petroleum-based partly 
coming from national refineries, partly imported. Only one railway line section o f 143 km 
is electrified. There are 2 000 taxis running on gas (LPG) in Tehran.
6.2.3.1 Energy Consumption by transport mode
The energy consumption breakdown (excluding international bunkers) for 1990 is 
shown in Table 6.25. International bunker's oil consumption accounts for 2.6 million toe. 
The transport system is dominated by road transport which represents as much as 93.1% of 
the sector oil consumption.
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Mode Energy consumption 
(Thousands Toe)
%
Road 13 176 93.1
Rail 170 1.2
Aviation 495 3.5
Internal navigation 311 2.2
Total 14 153 100
Table 6.25: Transportation energy consumption in Iran (1990) [133]
Consumption by product and sub-sector (excluding international bunkers) for 1990 
is shown in Table 6.26.
Mode Gasoline Diesel Heavy fuel Jet fuel Total
Air
Road
Rail
Internal
navigation
6 501 6 800 
170
311
437 437 
13 301 
170 
311
Total 6 501 6 970 311 437 14 153
Table 6.26: Transport energy consumption by product for the different modes
(thousand toe, 1990)
6.2.4.2 Estimated consumption for vehicles using gasoline
The amount of gasoline used per day is equivalent to 27.3 million litres per day. At 
least 80% of the gasoline is consumed in urban areas. As a result, the air quality is poor. 
The consumption breakdown is shown in table 6.27.
Type of 
vehicle
Number
(000)
Litres/day
(million)
Litres/veh/day 
(300 days)
Km/veh/year Average 
litres 
per 100 
km
Cars
Motorcycled
Vans
2 100 
1 200
300
22.3
1.2
3.8
10.6
1
12.5
24 000 **
6 000
30 000 ***
13.3
6*
15
* usual figure is 5 litres/100 km for motorcycles o f250 cm^
** the average in Europe is 15 000 km/veh/year. Ministry of petroleum estimates at
24 000 km/year.
*** usual consumption for 1.5 tonnes load capacity is 13 litres/100 km.
[133] Table 6.27: Consumption breakdown of vehicles using gasoline (1990)________
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6.2.3.4 Estimated consumption by vehicles using Diesel oil
Road transport consumption accounts for 97.5% of diesel consumption, namely 
6 800 thousand toe (the remaining 170 000 toe of diesel are for railways). Diesel fuel is 
used for freight traffic (road covers up to 85% of total freight traffic) and for passenger 
traffic (buses cover a high percentage of transport passenger needs).
Further, investigations are required to correctly estimate the distribution of the 
diesel consumption. It would be useful to undertake studies to determine accurately the 
number of vehicles which use diesel, the characteristics of the fleet (the average cylinder 
displacement, horse power and fiiel consumption, most notably), the average distance 
traveled by year and the average rate of load factor (utilisation capacity, rate of kilometres 
empty).
The present preliminary analysis, however, shows that fuel efficiency levels 
are low because of the low load factor. Indeed, factors like the nature of freight (dominated 
by perishable goods and mining) and the structure of the foreign trade (70% passes through 
the 5 main ports but 80% are imports and only 20% exports) often impose empty trips on 
the way back resulting in low average load factor.
Other reasons are:
• Low fuel prices,
• Vehicles aspects (technology, maintenance);
• Driving methods.
If only technological aspects are considered, the overconsumption can be estimated 
at the very least at 15%. It represents a total o f 1.1 millions toe/year or 7.35 million barrels 
which are at present partly imported. In monetary terms, potential diesel savings are 
equivalent to 147 millions dollars per year (at the price of 20 dollars per barrel o f diesel).
6.2.3.5 Railway Fuel Consumption
While consuming only 1.2% of energy demand, rail transport handles more than 
10% of freight traffic. In proportion to tonnes carried and compared with road transport, the 
railways system is several times more fuel and environment efficient than the road
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sub-sector. Further investigations are required for a better understanding of the potential of
rail systems to meet the requirements for the industry and for passengers.
6.2.3.6 Aviation fuel efficiency
Aviation represents 3.5% of total consumption. Its efficiency depends primarily on 
the load factor.
From 1987 to 1992, traffic was relatively high related to the existing capacity. 
However, according to figures published by "Aviation World" Vol. No. 5, 1993, the 
position of Iran Air in the domestic market is showing signs of weakness. For example, in 
January 1992, the load factor for Iran Air's Frankfurt bound flight was 50%, compared with 
62% for Lufthansa. A similar comparison over other European routes shows that at the end 
of the year 1992, Iran Air's average load factor amounted to 42%, while Lufthansa and 
KLM achieved 78 and 79% respectively. The main reasons are: a lack of co-ordination 
between Iran Air flights with European connections as a result of ignoring the adjustment 
of flight times for transit flights; unsuitable passenger services and frequent delays.
Internal navigation, is not a critical sub-sector. Usually, its fuel efficiency depends 
on the speed and of course on load factor. It would be useful to undertake further 
investigations to be more specific about fuel efficiency in this field.
6.2.3.7 Potential of Energy Savings in the Transport Sector
The annual potential of energy savings has been estimated for the road sub-sector 
(93.1% of the sector oil consumption) on the basis of the 1990 consumption which is 
14,153 thousand toe and represents 35% of the total final energy consumption of oil in the 
country (50 million toe/year in 1990 which is equivalent to near 1 million barrel per day). 
Energy savings can be summarised as follows:
• Light cars: 30% (6.7 million litres/day or 12.7 million barrels/year)
• Motorcycles: 16% (192 000 litres/day or 364 500 barrels/year)
• Vans: 13% (608 000 litres/day or 1.15 million barrels/year)
• Buses and trucks: 15% (7.35 million barrels/year)
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The total amount is, at the very least, estimated at 21.5 million barrels or the
equivalent of 431 million dollars per year (284 million dollars of gasoline and 147 million 
US dollars of diesel, at the price of 20 US dollars per barrel). Benefits from a safer 
environment must be added.
In practice, Iran has done little to conserve energy in transportation. 93% of all 
transportation energy in Iran is consumed in road transport, therefore this should be the 
main sector of focus for energy conservation activities. There is a 30% potential energy 
savings that can be realized in a move to light cars that should be exploited. Also as most 
Iranian cars are older, less fuel-efficient models, Iran should seek out a partnership with an 
established foreign car company in order to build a newer, fuel-efficient automobile. It 
would be advantageous if this arrangement could be an active "buyback" partnership that 
would add to Iranian industrial growth.
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Energy Conservation in Mining
The purpose of mining is to free useful mineral resource from the lithosphere and 
prepare the mineral resource for industrial use. The parameters within which mining takes 
place are not entirely artificial; the mineral resource is fixed in location, geometry and 
geology. This results in a plethora of mining methods which attempt to extract the mineral 
resource most efficiently given these natural constraints. Mining methods fall into two basic 
classes: open pit and underground mining. Open pit mining involves mining deposits that sit 
on or close to the surface. Open pit mining can mine huge amounts of material in a given 
day (i.e., well over 10 000 tpd). Underground mining involves mining deposits that are 
relatively deep in the bedrock. Underground mining moves a smaller amount of material in a 
given day (i.e., 2 500 tpd is an average sized mine). However, underground mining poses 
larger engineering challenges: the labyrinth of mine workings must be conditioned such that 
miners are both comfortable and safe.
Mnes use a lot of energy. In Quebec, 5% of energy consumed for industrial 
purposes went to mining. (Smelting and Refining, which follows the mining stage, consumes 
40.2% of power.) [134] The energy requirements are principally a function of mining 
method; the most important distinction being whether the mine is underground or open pit. 
Table 7.1 shows the electrical power requirements for various Canadian mines. [135]
These energy requirements translate into significant costs. For underground mining, 
in Canada, on average 9.42% of costs are incurred by power consumption, whereas 4.01% 
of the open pit costs are attributable to electrical use. In mineral processing, the figure 
increases to 20.36%. [135] Clearly, there is an incentive to reduce energy consumption. 
Moreover, the Government of Quebec estimates that 39.9% of oil and gas consumed in 
mining can be eliminated through conservation techniques. [134]
In this chapter, the various stages of mining will be examined with an eye to energy 
conservation potential, and then mining in Iran will be discussed. This chapter was 
completed during the author's visit to Department of Mining and Metallurgical Engineering, 
McGill University, Canada.
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Mine M ethod Tonnage Power E nergy
o/p* - u/g** millions tpy MWh/y MWh/t
Afron o/p 13 9 150 704
Laronde u/g 0.7 45 580 65 114
Bouchard-Hebert u/g 0.73 25.8 35
BHP - Island Copper o/p 36.5 64 000 1 753
Bullmoose o/p 35 13 482 385
Casa Berardi u/g 0.65 23 700 36 461
Snip u/g 0.171 4 800 28 070
Lupin u/g 1.2 28 000 23 333
Gibraltar o/p 30 12 000 400
Red Lake u/g 0.464 29 519 63 618
Golden Giant u/g 1 70 150 70 150
Highland Valley Copper o/p 96 929 719 9 685
Nickel Plate o/p 10.76 15 100 1 403
Ruttan u/g 2.05 63 352 30 903
Jeffrey o/p 19 20 000 1 053
Silidor u/g 0.53 15 050 28 396
Campbell u/g 0.65 34 243 52 681
Endako o/p 2 0 J 8 400 414
David Bell u/g 0.465 37 496 80 636
Scully o/p 22 - .2 0.1
Detour Lake u/g 1.3 6.2 4.8
* o/p = open pit 
** u/g = underground
Table 7.1: Power requirements at various Canadian mines [135]
In this part different stages of mining will be discussed and their energy conservation 
potential will be mentioned.
7.1 Energy conservation in mining in general
7.1.1 Rock fragmentation
The first stage in mining is rock fragmentation. Simply put, it involves breaking rock 
from a rock mass so that it may be transported and processed. The method by which a 
mine breaks rock varies according to the rock properties, mining method and the operation's 
proximity to residential or industrial areas.
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This section surveys the various fragmentation methods available in mining. It 
presents data on energy consumption for each method and their savings potential. Drilling 
and blasting is given a more thorough treatment as this method is most common in the 
industry.
Rock fragmentation methods fall into four categories:
1. Internal continuous
2. Internal impulsive
3. External continuous
4. External impulsive
The categories describe, in general terms, how a particular method breaks rock. For 
example, a percussive drill strikes a rock face repeatedly, chipping away at the rock face. 
This action is external, as it fragments the rock mass from the surface inward. It is 
impulsive because a percussive force is applied periodically. Therefore, drilling is an 
external impulsive means of rock fragmentation. Blasting falls into the category of internal 
impulsive; explosives are placed in a hole and once detonated, fragment the rock mass from 
within. Diamond saws, which apply a constant force on the rock face, are external 
continuous.
The mining industry makes use o f drilling and blasting as well as continuous 
fragmentation methods. In soft rock, like limestone, it is advantageous to employ 
continuous fragmentation methods, particularly external continuous fragmentation.
Machines which employ such fragmentation strategies are labelled continuous 
mining machines. Typically, these machines engender significantly lower labour costs which 
promotes their use. Moreover, drilling and blasting is a batch process whereas these 
machines are not. Figure 7.1 illustrates a raise borer continuous miner, while Figure 7.2 
presents the fragmentation components of a roadheader.
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Figure 7.1: Raise borer operation [136]
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Figure 7.2: The main components of a roadheader [136]
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Generally, the cutting head of a continuous miner applies a constant force against the 
rock face, generates tensile or shear stresses beyond the bearable load for the rock mass and 
fragments the rock into small cuttings.
These machines require enormous amounts of energy as compared to drilling and 
blasting. Table 7.2 examines the energy consumption per tonne of rock broken for various 
continuous miners in typical mining conditions.
Machine Rock type Energy Consumption 
(MJ/tonne)
Robbins Machine Soft rock 50 to 100
Tunnel Boring Machine Soft rock 30 to 80
Road headers Potash 10
Road headers Coal 5
Road headers Hard rock «100
Table 7.2: Continuous miners and their energy consumption [137]
It can be seen from the table that mining in hard rock with road headers consumes 
ten times more energy than in soft rock. However, research promises to develop machines 
that can mine at 10 - 30 MJ/t in hard rock. [137]
Water jets have been explored for rock fragmentation purposes. By aiming a jet of 
highly pressurized water at a rock face, one can erode and fragment the rock. Currently, 
these systems consume 2 500 MJ/t which translates into power costs of U.S. $35.00/t 
(roughly equal to total mining costs for a mid-sized underground mine.) [137]
Other technologies can break rock effectively yet uneconomically. For example, 
laser-based rock fragmentation costs $50.00/tonne. Research continues in the areas of 
plasma blasting and saser (sound waves) technology.
Drilling and blasting remains mining's most economic and energy-efficient means of 
breaking rock; current estimates place energy consumption from drilling and blasting at 1-2
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MJ/tonne. The proceeding discussion provides the most salient features of current research. 
[137]
Drilling is the first stage of drilling and blasting. Figure 7.3 shows the basic principle 
of drilling an underground mine.
'  / ------
• * - M P ro f itof ttiictor port* of OfO body ra. Pfllar
Fig. 7.3: Drilling in room-and-pillar mining [138]
As Figure 7.3 shows, the purpose of drilling is to create a hole in the rock mass into 
which explosives are loaded. However, drilling is required for ground support as well (e.g., 
to create holes for rock bolts).
Figure 7.4 shows the components of a rotary-percussive drill, a common type of 
drill. Figure 7.5 shows the hand-held jackleg drill.
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Fig. 7.4: Rotary percussive drill [136]
Fig. 7.5: Jackleg drill [136]
Mines have a vast array of drilling equipment from which to choose. Drills can be 
powered by electricity, compressed air, or hydraulic oil. In underground mines, compressed 
air propulsion is most common.
Amir A. Sadighi PhD Thesis, March 1998
Chapter 1, Energy Conservation in Mining _______________________265
At Falconbridge's Fecunis Lake Mine in Ontario, a fleet of jackleg drills was studied 
to see if efficiencies could be realized with respect to the compressed air system. The drills 
operated at varying air pressures (from 620 kPa to 965 kPa) and found that there exists an 
optimum air pressure which minimized costs and maximized penetration rates (i.e., 
productivity). [139] The information showed that a mine should seek to optimize its use of 
compressed air to power drills.
Hydraulic drills use hydraulic oil, as opposed to compressed air for pneumatic drills, 
as an energy source. Hydraulic drills operate with fluids under much higher pressures than 
compressed air. The energy delivered by hydraulic oil is more efficient and costs one third 
o f the pneumatic drill's power costs. [140]
The National Research Council of America recommends research in hybrid drilling 
and smart drilling for further efficiency gains.
Hybrid drilling refers to combining traditional rotary-percussive drilling with more 
exotic fragmentation methods (e.g., water-jet piercing). [141] Smart drilling is a system in 
which the drill monitors and reacts to the changing work conditions. For example, should a 
drill move into a new rock type as it drills, it would be able to adjust its rate and orientation 
to avoid the deviations that occur in these instances. This intervention would require no 
human input. [141]
The second process in drilling and blasting is, of course, blasting. Here, energy is 
delivered in chemical form (e.g., ammonium nitrate in fuel oil) (ANFO). The blasting 
process involves detonating explosive chemicals within a rock mass. The explosive 
chemicals release a burst of energy which fragments the rock as it passes through the rock 
mass.
Many models seek to describe the interaction between the rock mass and the 
unleashed explosive energy. To date, no one model captures the complex events that 
transpire in an explosion. However, two physical processes deserve to be mentioned. One, 
a strain wave travels through the rock mass as a compressive wave from within the rock 
mass to the surface and reflects as a tensile strain wave when it reaches the surface. Two, 
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the immense gas pressure build-up in the hole where explosives are detonated causes radial 
crack propagation and gives an enormous motive force to the rock mass.
Explosives come in many forms and each has its own set o f properties. However, 
little has been done to explore energy conservation possibilities in blasting. Still,, some 
comments are pertinent here.
The relationship between energy requirements and tonnage blasted [142] has been 
given a thorough treatment. Moreover, increased energy consumption at the blasting stage 
can translate into important energy savings at later stages of mining. Pierre Michaud [143] 
o f ICI Explosives demonstrated that by increasing use of explosives when blasting, a mine 
reduces its average fragment size of blasted rock. This, in turn, reduces the void ratio of 
blasted rock (i.e., the percentage of volume without rock). Therefore, more rock fits into a 
truck or tram. Consequently, productivity increases as does efficiency. Finally, by reducing 
the average fragment size in. blasting, a mine reduces its energy needs at the crushing and 
grinding stages of ore processing.
Drilling and blasting are efficient processes. However, the combination suffers from 
being a batch process. That is, an operation blasts only once or twice per day as opposed to 
continuous miners which progress steadily and without pause. The potential for energy 
conservation in this field originates in the possibility of making drilling and blasting 
continuous and further integration with later stages of mining.
7.1.2 Ground support
Every mining project involves displacing huge amounts of rock and soil from their 
initial state. Mining engineers must monitor the impact of the excavations with vigilance and 
counteract any deterioration in the stress conditions to which a rock mass is subject. 
Furthermore, faults, joints, and other such discontinuities in the rock mass may, as a result 
o f the excavation geometry, free blocks of rock from the mass which then slide or fall into 
the excavation.
Ground movement and rock incompetence threatens the viability of a mining 
venture. Worse still, it is a hazard that can lead to serious injury for the many people 
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working in a mine. Therefore, ground support is of paramount importance to a mining 
operation.
As mentioned above, ground instability has two principal causes:
1. Stress conditions in a rock mass exceed that rock mass' strength.
2. The geometry of the excavation and the rock mass' discontinuities create blocks 
which fall or slide into the excavation.
Both causes of instability can be stemmed by a number of support approaches. The 
appropriate approach depends on the rock type, size of excavation, permanence of 
excavation and economics of its application.
Rock bolting is one ground support option. In this approach, a steel rod or cable, 
perhaps in conjunction with a cement grout or resin, is injected into a hole in the rock mass. 
The bolt is then stressed such that it bears the load within an area local to the bolt. It also 
acts to pin blocks of rock to more stable areas of the rock mass, thereby preventing slips or 
falls.
Shotcrete involves projecting cement onto the rock face o f an excavation. The 
multi-inch coating of shotcrete provides support over long excavation lives. By introducing 
steel mesh into the support system, the tensile strength of shotcrete is greatly improved.
Steel and timber sets prop up excavations by absorbing the load formerly carried by 
the excavated rock.
A survey of current literature in ground support reveals that very little research has 
examined the power use and efficiency in ground support. However, much o f the energy 
used in ground support comes from using drills, and compressed air water systems. 
Therefore, any discussion o f those topics has direct relevance for ground support.
7.1.3 Hauling
One basic engineering problem in the design and operation of mines is hauling. 
Technology has progressed to a point when low grade/high tonnage deposits can be mined
Amir A. Sadighi PhD Thesis, March 1998
Chapter 7, Energy Conservation in Mining    268
profitably because underground and open-pit materials handling systems can operate at 
extremely high capacities.
For an open-pit mine, hauling names the process which carries ore and/or waste from 
a pit bench to either a mill or a waste dump. However, underground mining distinguishes 
between hauling and hoisting. Hauling concerns transporting ore and/or waste from a 
working face or stope to the shaft. Hoisting refers to the act of transporting that material to 
the surface. This section gives hoisting a separate treatment.
Open-pit mining relies on fleets of high-capacity trucks as its primary means of 
hauling material. Heavy machinery manufacturers such as Caterpillar Inc. o f the USA and 
Komatsu o f Japan supply the industry with trucks that can carry up to 250 tonnes of 
material per load. The high capacity of such trucks translates into low power consumption 
per tonne of ore. However, two principal factors control energy consumption in open-pit 
mining.
One, the mine must make efficient use of the fleet through appropriate and timely 
dispatching. Two, the mine must uphold a regular and thorough maintenance programme.
Open-pit mining can accommodate numerous hauling systems. However, only 
truck-based systems are discussed here because they are most popular. As well, many 
operations that have converted to truck-based systems have noted increased productivity 
and lower operating costs. [144]
Underground mining requires mine engineers to develop hauling systems that 
conform to a greater number of constraints than open-pit mining. However, the lower daily 
production rates permit a wider scope of systems from which to choose.
Underground haulage has three basic classes; wheel-based vehicles; locomotives; 
conveyor systems.
Conveyor systems find applications in coal mines primarily; their use in other mines 
occurs at later stages in ore processing. Conveyor belts are principally electrically-powered.
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This power must contend with three elements: gravity, frictional losses, and motor/belt drive 
inefficiencies. [145] To reduce energy consumption due to conveyor belts, an operation 
must address these three issues.
The most underestimated cause of energy loss is friction. Fu11-load current
reductions o f 15% have been achieved simply by replacing worn-out idlers and lubricating 
the remainder. The following items increase frictional losses: belt misalignment, "frozen" 
(poorly lubricated) idlers, idler misalignment, improper belt tension, improper idler spacing 
and/or missing idlers, [145]
Locomotives provide efficient and simple-to-operate hauling systems. [146] 
Locomotives have three possible sources of power. One, they can use diesel motors. Two, 
locomotives can employ a trolley system and be electrically-powered. Three, locomotives 
can take electric power from rechargeable on-board batteries. Each has its advantages and 
disadvantages. For example, on-board batteries are limited in the quantity and duration of 
power supply and therefore place a constraint on the operation of such locomotives. Trolley 
systems provide the least costly and consuming system, however they require greater 
infrastructure and capital costs. Diesel engines increase the ventilation requirements for a 
mine.
Wheel-based vehicles are the most flexible underground materials handling system. 
Each system combines two basic hauling and loading units. Load, Haul, Dump (LHD) 
vehicles are self-loading and perform haulage over good distances. Two, loaders and trucks 
separate the tasks.
LHDs are very popular in underground mines and research has examined the impact 
o f diesel-powered LHDs versus electric-powered LHDs. Hughes Hamelin of Hydro Quebec 
cites a study in which electric LHDs produced an equal rate to diesel LHDs, but cost 
$10.00/operating hour less. [147]
Inco ran a series of tests to compare diesel versus electric LHDs. Using its South 
Mine near Sudbury, Ontario, Inco showed that electric LHDs consumed less energy than 
diesel LHDs and required less maintenance. [148]
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7.1.4 Hoisting
In underground mining, hoisting represents an important proportion of power 
consumption. It involves moving both ore and waste to the surface from the underground 
workings.
The shaft is the vertical or sub-vertical tunnel through which access to an 
underground mine is gained. Analogous to the elevator in a building, the skip and cage 
travel the length of the mine shaft, carrying equipment, mine workers, and/or ore. The cage 
is that part which carries equipment and humans. The skip is that part which conveys 
ore/waste.
Hoisting systems have many components and many configurations. Figure 7.6 
shows the basic structure of a hoisting system.
H eadsheaves
Overwind Rope
Underwind Rope
Headframe
Shaft Collar Hoist Drums
Shaft Skip or Coge
Figure 7.6: Basic Hoisting System [136]
The size and capacity of hoists both have wide ranges; in turn, the power required to 
hoist varies widely, from 746 kW to 7 460 kW. These enormous power demands mean that 
a mine site's peak power demand comes when the skip is devoted to hoisting.
The mining industry regards hoisting as efficient and the most fully automated aspect 
of underground mining. [137] Moreover, the most significant savings to be realized are
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largely at the design level (i.e., neither providing with too much or too little hoisting 
capacity). [149]
Still, some energy issues deserve consideration. One, since hoisting motors are 
electrically-powered, mine operators should maintain a power factor as close to one as 
possible. In addition, the source o f electric power (i.e., from the grid or onsite generation) 
should be carefully scrutinized to assure optimized delivery of the energy.
Two, novel engineering practices may bring about further savings. For example, 
hydraulic hoisting promises some savings. [137] As well, vertical conveyance and 
underground grinding may provide an efficient, less demanding alternative to conventional 
hoisting.
7.1.5 Ventilation
An underground mine must be conditioned to allow miners to work in both a safe 
and comfortable manner. One important environmental condition is the supply of clean and 
temperate air. Ventilating a mine poses enormous challenges and consumes a large portion 
of the mine's power.
An underground mine is a complex arrangement of vertical and horizontal tunnels as 
well as larger openings (e.g., stopes and workshops). The mine's workforce is distributed 
throughout this complex such that nearly the entire labyrinth must be adequately ventilated.
Adequate ventilation involves three basic components. One, clean air must be 
injected into the mine workings from the surface. Two, the air must then be distributed 
throughout the mine workings. Three, unclean or used air must be exhausted from the mine 
workings.
These three components are subject to many constraints, with some mines (e.g., coal 
mines) requiring particular constraints. First, mining itself impacts the quality o f air in the 
workings. Much of the loading and hauling equipment operates on diesel fuel. Blasting 
releases noxious gases into its local environment (e.g., carbon monoxide). Both diesel 
exhaust and the by-products of blasting must be removed from the mine workings in order 
to create a healthful work environment. Second, coal mines produce methane gas and coal
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dust that can be tragically explosive if not limited by proper ventilation. Third, legislative 
constraints require mine operators to adhere to certain norms.
With the above in mind, a ventilation system consists of an entry point(s), a network 
of pathways and an exit point(s). The system is powered by fans which propel both clean 
and unclean air through the system. The most important fans are placed at entry point(s) 
and/or exit point(s). The primary fans provide the system with the majority o f its required 
energy. However, within the network of mine workings, booster fans provide additional 
propelling energy for the air to move. Figure 7.7 shows the ventilation system for the 
Sunshine silver mine in Kellogg, Idaho. As the figure shows, the Jewell shaft provides the 
entry point for the clean air which then travels through the mine such that wherever miners 
work, clean air is constantly available. A smaller shaft returns unclean air to the atmosphere. 
[150]
The ventilation system at an underground mine accounts for an important portion of 
the total power consumption. Moreover, ventilation cannot be considered an efficient 
component of mining. To the energy manager, ventilation is a central concern in evaluating 
energy use at an underground mine.
The operation of an efficient ventilation system requires the use of modern and 
well-maintained fans. Wasilewski and Krzystanek estimate that the Polish mining industry 
uses 250MW to power their fans and that upgrading the fans would produce a savings of 
$40 million per year. [151] In seeking energy savings from the fans, two areas must be 
examined: motor efficiency and fan efficiency. [145] Mine operators, in order to calibrate 
the fans to a mine's particular conditions, require variable speed control and adjustable fan 
blade angles. The motor should have a power factor close to one.
Another important consideration when trying to minimize energy consumption is fan 
selection. A ventilation system can consist of myriad combinations o f primary fans, placed 
both at the entry and exit points. It is important to arrive at a combination that produces the 
volume of air required with the minimum amount of power consumed. Elansrand o f South 
Africa has recently looked at upgrading their ventilation system. The pair of fans originally 
in place operated at an efficiency of 71%. A trio of fans, each operating at lower capacities 
than the original two will maintain the volume required, but have an efficiency of 84.9% per.
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fan and provide lower power consumption. The simple payback period for this change was 5 
months. [152]
5100 LEVfL
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Fig. 7.7: Kellogg operation's lower mine levels showing general airflow 
direction from the 3 100 through 5 600 level. [150]
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Fan selection and maintenance are critical ingredients to an efficient ventilation 
system, but so is the optimization of the ventilation network. That is, the pathway for air 
flow must be chosen such that a minimum amount of work is spent on delivering air to all 
work areas. This has been an important field of study in operations research within the 
mining industry. . .
Kumar, Sastry and Rao [153] showed that the placement of primary and booster 
fans can be determined by employing linear and non linear optimization methods. For 
example, surface fan selection can be done using the critical path method (CPM). 
Traditionally, the critical path method seeks to minimizes the duration of a project for which 
there is a number of inter-related tasks that must be completed in a given sequence. For 
ventilation, the CPM considers the network of paths that must be travelled and then seeks to 
minimize pressure headloss rather than duration of project. A s. well, they employed 
FANVENT (a software package) to help locate optimal booster fan locations.
When the ventilation system at the Sunshine silver mine came under review, 
optimization looked to several factors that would produce energy savings. Opening new 
ventilation pathways, replacing and relocating booster fans, and eliminating leakage around 
bulkhead doors were all examined. A computer model (VNETIPQ) provided solutions for 
the mine in order to test the many options available. The changes recommended by the 
computer model reduced air leakage by 16.4% and increased air flow by 36.3%. [150]
When new reserves have been delineated and development plans are being made, the 
ventilation network must be given thorough consideration. For example, when Mt. Isa 
Mines of Australia looked to bring the 3 000/3 500 copper ore bodies into production, the 
means by which the new development's ventilation requirements would be incorporated into 
the existing requirements generated several solutions. The principal options included sinking 
a 1 km shaft, boosting the existing network with a series of auxiliary fans or recirculating air 
that continued to meet the required standards of quality. The recirculation option not only 
provided the lowest capital cost, but it required the least amount of power consumed. [154]
Ventilation deserves the attention of the mine developer and mine operator. 
Significant losses are incurred if the network is not optimized and maintained.
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7.1.6 Mine Heating, Cooling and W aste Heat Recovei'y
The temperature o f an underground mine has several influences and has both a social 
and technical impact on the operation. As the mine deepens, the temperature increases. 
Also, the use of diesel powered equipment contributes to the warming of the mine. 
However, the clean air injected in the mine from the ventilation system has the temperature 
o f the surface. That is, a mine situated in northern Quebec ventilates the mine with air that is 
well below freezing for more than four months each year. Whereas a mine in the Australian 
outback pulls in air that may be well above 30 °C. In each case, the conditions created for 
the workers are such that miners cannot perform their work with diligence and safety. 
Moreover, areas in which the surface temperature varies widely may impact the mine 
engineering. For example, Nanisivik, a lead-zinc mine operating on Baffin Island in the 
North West Territories of Canada experiences temperatures above freezing for a short 
summer. During this period, the permafrost - critical for ground stability - melts. In order to 
overcome this problem, the operation must be cooled to below freezing during the summer.
Regulating the temperature in order to create a comfortable work environment is an 
important and energy-intensive task. Many operations have employed varied techniques to 
minimize energy consumption and recuperate whatever unused energy possible.
The Macassa Mine of Kirkland Lake, Ontario has been in operation since 1933 and 
has produced 2.8 million ounces of gold. The surface temperature has a yearly average of 
approximately 0 °C. For eighty days of the year, the maximum temperature is no more than 
-5 °C. The mine set as the minimum working temperature for the mine as 5 °C. The mine 
requires 47 500 litres/s o f air to ventilate the workings adequately. The enormous energy 
costs associated with heating this air provided the mine with the incentive to seek heat 
recovery systems that would contribute to the heating of the air.
The engineers assessed the potential for heat recovery from two different systems. 
One, the water pumped from the mine into the tailings could provide low grade heat of 6.0 
million kJ/h , while the air compression system was highlighted as a source of an additional
3.1 million kJ/h .
Amir A, Sadighi PhD Thesis, March 1998
Chapter 7, Energy Conservation in Mining_______________________________ 276
The cost of implementing this heat recovery programme was pegged at $Cdn 
393 000. The expected savings from this project was estimated as $Cdn 174 000 per year. 
In fact, the mine reported savings that exceeded the projections. Moreover, the project 
qualified for a $135 000 grant from Ontario's Ministry of Energy and Canada's Ministry of 
Energy, Mines and Resources. [155]
Canada's largest gold mine, the Williams Mine of Hemlo, Ontario, also looked to 
recover heat for heating ventilated air during the winter months. The temperature at Hemlo 
is comparable to Kirkland Lake. However, the Williams Mine, producing 450 000 ounces 
each year, requires 71 000 litres/s of air to properly ventilate the mine. A feasibility study 
conducted by V.B. Cook Co. Limited found three sources of recoverable heat that could be 
applied to heating ventilated air: exhausted air, air compression and mine water pumped to 
surface.
The system promised yearly savings of $Cdn 500 000 with capital costs of $Cdn 
1 700 000, which translates into a simple payback period of 3.8 years. On the strength of the 
conclusions, the project was implemented. The results proved better than projected. [156]
Mine cooling presents similar challenges to those underground mines operating in 
hot climates as does mine heating in cold climates. In the South African gold fields, where 
underground mines stretch 4 kilometers below ground, large amounts of water are spent on 
cooling these deep mines. However, this system has energy conservation potential. For 
example, the change in potential energy in the water as it travels from the surface to the 
mine workings can be converted into useful electric energy. By passing the water through a 
turbine, the mine can generate electricity that helps supply the mine with power. [157] As 
well, pre-cooling towers collect water returned from the mine and cool the water to the 
surface temperature. These towers can reduce refrigeration needs by 66% during certain 
times of the year. [158] Not only does this lower energy use, but it also allows for 
maintenance without interfering with production. Furthermore, the introduction of software 
to manage the cooling needs of the mine also contributes to reducing energy consumption in 
the mine.
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In. the past decades, many industries have made energy conservation a priority and as 
a result, yearly improvements continue to introduce efficiencies and lower energy 
consumption. By comparison, little has been done in mining to reduce energy consumption 
by introducing the concept and techniques of energy conservation.
Research should be devoted, coupled with comprehensive energy audits, to seek 
efficient solutions to mining's energy demands. These solutions may be borrowed from other 
industries' experiences or innovative approaches may be needed.
The need for energy conservation in mining is doubtless. One, mining's unique 
structure is such that industry must mine lower grade material as time progresses; to mine 1 
kg of copper will require moving more material in 20 years from now. For example, the 
average yield of iron ore and copper ore fell 36% and 42%, respectively, between 1954 and 
1975 in the USA. [159] Two, as the search for deposits brings exploration teams farther 
from infrastructure, power costs will become more significant. Three, the substitution of 
labour by automated machinery may help to lower operating costs but will increase energy 
costs' proportion of these total operating costs.
Energy conservation, in industry and transportation, has three distinct stages: good 
housekeeping and management; retrofitting; major capital expenditures.
Mining also has these three aspects to its energy conservation potential. Improved 
housekeeping and management can provide 10% savings in energy consumption without any 
real cost. Retrofitting can eliminate a further 10-15% with minor costs (e.g., heat recovery). 
Major capital expenditures lower consumption significantly but deserves considerable 
attention at each individual mine.
The study of energy conservation in mining is ongoing at McGill University; it will 
continue until good housekeeping and retrofitting for this industry are defined.
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7.2 Mining in Iran
After the cease-fire in August 1988, the Iranian government established a 
programme of economic reform and privatization to rebuild the country. This was the First 
Five Year Plan (FFYP). One of the principal economic objectives of the plan was to avert 
the so-called one-crop economy. It emphasized the development of the country's natural 
resources seen as an excellent opportunity for economic development and a substitute to oil.
The value of the metals, on the basis of international prices, during the First Five 
Year Plan (FFYP) has amounted to $6.2 billion. As a result of the investments made during 
the FFYP this value will exceed $12.7 billion during the Second Five Year Plan (SFYP).
The value of Iranian minerals, on the basis of international prices during the same 
period was equivalent to $6.8 billion. This figure will increase by at least 8% per year 
during the SFYP to exceed $10 billion. The total product value of the mines and metals 
sector amounted to $13 billion during the FFYP and will exceed $22.7 billion by the end of 
the SFYP. Before the FFYP the share of the mineral sector in the GNP was approximately 
1%. It is planned that by the end of the SFYP this share will reach 10%.
During the FFYP (1988 - 93) the number of active mines in the country increased 
fi*om 1 400 to 2 328.
7.2.1 Production
In the mining sector, average yearly production of iron ore during the FFYP has 
grown about 36.1 percent. This compares to a forecasted growth of 24.2 percent. During 
this period the production of iron ore increased fi’om 1.85 million tonnes in 1988 to 8.65 
million tonnes in 1993. This was the result of commissioning the large Gol-e-Gohar Iron Ore 
Complex with a capacity of 2.75 million tonnes of iron concentrate and also due to 
development and increased efficiency in existing mines. Also industrial limestone has been 
provided for the steel industry through completion and commissioning of Chenareh and 
Hozmahi mines. The production of copper concentrate has increased from 165 thousand 
tonnes in 1988 to 416 thousand tonnes in 1993. A growth of 20.2 percent was realized, 
equivalent to the forecasted figure for this period. The production of coal increased from 
885 thousand tonnes to 970 thousand tonnes.
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The total mining production in operating mines (not including sand, gravel and clays) 
increased from 44.7 million tonnes in 1988 to 71.4 million tonnes in 1993, an average yearly 
growth of 9.8 percent. Also actions have been taken toward better utilization and lower 
costs which have resulted in higher productivity and increasing production trends in the 
mining sector.
In the metals sector, the level of steel imports was about 4 million tonnes at the 
beginning of the Plan, but with increased production from 1.34 million tonnes in 1988 to 
about 4 million tonnes in 1993; by the end of the Plan Iran was a steel exporter. The 
production of salable steel products during the FFYP enjoyed an average yearly growth of
24.4 percent, higher than the 22 percent estimated in the FFYP . This has been the result of 
improvements in management, productivity and the rapid implementation of steel plants 
projects. During this period, Mobarakeh Steel Complex, with a yearly capacity of 2.4 million 
tonnes of rolled products, and Ahwaz Steel Complex project which was unfinished and 
almost shelved during the war, were completed and commissioned. Ahwaz Steel complex 
and Kavian Industries Group were also completed during this period.
In relation to non-ferrous metals, despite the very high level of anticipated growth, 
the objectives of the plan were met - The production of anode copper in the FFYP had an 
average yearly growth of 22 percent which was equivalent to the forecasted growth. In this 
period the production of anode copper increased from 58 thousand tonnes in 1988 to 102 
thousand tonnes in 1993. During the FFYP, the production of aluminum (reduction) had an 
average yearly increase of 26.3 percent, much higher than the anticipated growth of 18.5 
percent. According to the plan, the production of aluminum was supposed to increase from 
28 thousand tonnes in 1988 to 65.3 thousand tonnes in 1993, but in actual terms increased 
to 90.1 thousand tonnes. Also 103 thousand tonnes of aluminum casting was produced in 
1993.
The first lead ingot producing plant, gold ingot plant and zinc plant, all using internal 
mineral resources were commissioned during the FFYP . Lead is now exported to world 
markets. The production of Refractory Products (bricks and mortars) had an average yearly 
growth of 6% and increased from 90 thousand tonnes in 1988 to 120 thousand tonnes in
1993.
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7.2.2 Exports
The exports of the mines and metals sectors amounted to about $147 million in 1988 
(raw and mining materials). Despite the high decline in the price of metals (even up to half 
the price) the exports saw a high rate of growth (28.3%) and amounted to $ 512 million in 
1993 and $1.4 billion in the FFYP.
Due to the high costs of transportation and low price of raw materials, the mining 
sector has tried to convert raw materials into more processed products with higher added 
value. The export value of mining and metal sectors over the FFYP is shown in Table 7.3.
Year Mining Sector Metals Sector Total
1988 37 110 147
1989 51 49 100
1990 72 108 180
1991 69 113 182
1992 60 351 411
1993 55 462 517
Total for period 307 1083 1390
Table 7.3: Mining and metals sectors' exports during the FFYP 
(value in million IJS Dollars) [160]
7.2.3 Investment in mine and metals sectors [161]
The FFYP forecasted an investment of $1.7 billion in new mine development 
projects during the plan period. Indeed, $1.1 billion was invested for these projects, 
achieving 65% of the target. It is notable that this amount was spent from the government 
budget. In fact, according to the Ministry of Mines and Metals (1996), the rest of the 
planned amount, i.e., around $600 million, was invested by state mining companies and the 
private sector. As for foreign exchange used for current production in the mineral sector, a 
total amount of $353 million was spent to keep production on track. Therefore, a total 
amount of nearly $1.5 billion, provided by local sources, was spent on new projects and 
current production.
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According to the FFYP, a total amount of nearly $5 billion was targeted to be 
invested in new projects. Comparison between the planned and actual results shows that 
about 70% of the plan's targeted investment was achieved. Regarding the foreign currency 
used for production inputs, nearly $3 billion was spent for current production in the metals 
industry. Therefore, $6.4 billion was used for investment and current production in metal 
industries in the FFYP.
The total investment in local currency in the FFYP for the mineral sector was 537 
billion Rials. The Government's direct investment in new projects was 289 600 million 
Rials, and the investment in new projects by other sources (financing, internal funds, and the 
private sector) was 247 400 million Rials.
7.2.4 Employment
The mining industry is capital-intensive and its contribution to the direct employment 
of a country is low. However, its indirect employment impact on related industries, within 
or outside the mining sector, namely in construction, transportation, manufacturing, and 
infi*astructure projects, is high. Each job in the mining industry creates more than two jobs 
in other sectors. In Australia for instance, each job in the mining industry creates 2.7 jobs in 
other industries. In the SFYP it is estimated that 35 400 new jobs will be created in the 
mineral sector.
With regards to this revitalization of the mine and metals sectors in the Iranian 
economy, it should be noted that all these activities need energy. At the present time the 
mines in Iran do not record their energy consumption. Therefore, there should be new 
regulation to encourage the companies to record their energy consumption, use energy 
managers, and carry out energy conservation techniques.
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Energy and Employment
8.1 Introduction
Other forms of energy can be converted into useful work. In a less technical sense, 
work is also what most people do to earn money. The relationship between these two 
concepts is very close. In fact, work in the form of mechanical or electrical energy can 
often be substituted for human labour. This substitution has created a lot of changes during 
the last century.
In the lumber industry, for example, one logger with a chain saw can do the work 
that used to require four or five workers. In the textile industry, power looms have 
displaced large numbers of workers. Today, electronic office machinery is taking over 
many functions that used to be performed by clerical workers. When economists speak of 
increases in productivity, they are usually referring to the substitution of energy for human 
labour.
There can be no question that many of the jobs replaced by energy have been 
repetitious. But the people whose jobs were replaced have often been unable to find other 
work For most people, even a repetitious job is better than no job at all. During the early 
19th century, British textile workers destroyed new machinery which was eliminating large 
numbers of jobs. More recently, many thousands of automotive workers have lost their jobs 
due to the introduction of robotised assembly lines. But perhaps the most striking example 
of this job replacement is in American agriculture. Between 1920 and 1970, the number of 
agricultural workers declined by 70% while agricultural production increased steadily. 
Clearly, the introduction of tractors and other powered machinery was a highly significant
factor in this process.
But if energy replaces jobs, it also creates new areas of employment. Mechanisation 
and rationalisation have allowed industry and agriculture to reach the present high level of 
productivity and created prosperity for the community as a whole. This permanent 
substitution of capital and energy for labour led to the shifting of jobs from the primary to 
the secondary, tertiary and recently, to the quaternary sectors. New tools of computerised
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automation, stemming from the development of cheap semiconductor memory and
microprocessors, accelerate this substitution of capital for labour by reaching new sectors.
During the last century, different eras can be seen in the economic growth of different 
countries. For example, each era of US economic growth has been accompanied by increasing 
investment and employment in new industries: in the last third of the 19th century, railroads, 
agricultural equipment, steel and oil industries; in the first two decades of the 20th century, 
public utilities - electric, gas and telephone-, urban transit systems and the automobile and radio 
industries; after World War television, aircraft and air travel, electronics; and in the 1963-73
period, housing, defence and space programmes.
8.1.1 Factors Affecting Energy Demand
The five factors that chiefly affect energy demand are:
• Population growth
• Price
• Personal income
• Technical efficiency & conservation
• Growth and mix of the stock of capital goods
In general as income and population increase, the demand for energy also increases. 
Energy demand tends to decline as price and efficiency increases.
8.1.2 Zero Energy Growth
In the 1970s a few studies were carried out about zero energy growth scenarios. 
One study was done in Canada by Daniel B. Brooks and describes how reduced growth in 
energy use can yield many economic, social and environmental benefits. One main 
question was about the impact of slower energy growth on employment. Would it prevent 
the growth of new job opportunities? The answer was negative. The energy and 
manufacturing industries that are the most energy intensive employ relatively few people. 
Slower growth in these sectors could be offset by more jobs in the service sector, which
does not depend heavily on energy and on industries that make and install energy saving
. [164] equipment.
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8.1.3 The Substitution of Energy for Labour
Historically, industry has sought to substitute energy for labour. In 1850, 94% of
the total energy consumed in the US manufacturing industry was of human or animal
origin; today energy from this source has shrunk to 1%, whereas population has tripled. 
[164]
Fig 8.1 and 8.2 show the energy input to the US food system versus frrm output and 
manhours respectively. It can be seen that by increasing the energy input, the farm output 
increases too and man-hours needed reduces dramatically. In the early days of farm 
mechanisation, it often took only 10 to 20 MJ of energy to save one hour of labour, but by
1965-70, this had risen to around 230 MJ.
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Figure 8.1: Farm output as a function of 
energy input into the US Food System, 1920-1970
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Figure 8.2: Labour use on farms as a function of 
energy use in the food system
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This very cheap price of energy relative to capital and labour costs explains why the 
substitution of labour for energy in the production process has not yet been studied in 
theoretical terms. In the course of the study the question was raised as to whether fossil 
energy was a separate production factor or not. Whereas a large amount of literature exists 
on the capital-labour relationship in production, basically suggesting that capital and labour 
are substitutes (as measured, for example, by the elasticity of substitution), in most of these 
studies energy does not formally appear as an input into the production process. An
exception is a recent report by Berndt and Wood, who attempted to find possibilities
for substitution between energy and non-energy inputs, based on long term U.S. data 
(between 1947 and 1971). They have found that capital and energy appear to be 
complementary. Their estimate of the elasticity of substitution suggests that, other things 
being constant, a 1% increase in relative energy prices would reduce the demand for capital 
goods by between 0.14 and 0.16%. This result coupled with the substitution between 
capital and labour suggests at least that energy and labour are slightly substitutable - the 
partial elasticity of substitution between energy and labour is about 0.65.
The link between capital and energy as complements depends on constant energy 
price and supply, as energy conservation in existing plants needs additional capital 
investments. (The same is true for a reduction of pollution levels). It might therefore be 
difficult to show the capital-energy relation during the transition years of energy 
conservation measures in existing plants. Energy savings through higher technical 
efficiency have, of course, always been applied in industries where energy cost was already 
a major factor in production cost, e.g., steel and cement production. This already resulted 
before 1973 in a constant reduction in energy consumed by product unit. [163]
8.1.4 Oil Price and Employment Effects
Between December 1978 and January 1981, oil prices (Arabian light) rose from $12.70 
to $32.00, or 150%. This greatly contributed to the stagnation and recession in Europe, which
started in the second half of 1980 and continued well into 1982.
During the 1973-74 Arab embargo, the US experienced a new set of employment 
problems that were directly linked to energy availability. Layoffs by automotive, boat, 
aircraft and recreational plants, airlines and tourist and resort businesses reportedly
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increased the number of unemployed by about 200 000 between October 1973 and January
1974. This was a one third increase in the total unemployment of 600 000 workers in that 
period. It should be noticed that this nation's economic problems during this period
stemmed only partly from energy shortages.
8.1.5 Employment In the Energy Sector
The 1974 Labour Report of Project Independence suggested that labour employed 
in the design, construction and maintenance of energy production facilities accounted for 
slightly more than 2% of the nation's total work force in 1973.
However, it must be recognised that there are dimensions of the energy sector not 
accounted for in this estimate. For example, environmental monitoring and control, the 
entire regulatory process, and research and development activities are conspicuously 
absent. In addition, all of the secondary employment impacts in industries supporting the 
energy sector, such as steel and wire production and fabrication, transportation, and a 
myriad of support services, would expand these estimates a few times over. The 
employment for the US energy sector in 1976 is shown in Table 8.1
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Industry Employment
(thousands)
Coal mining 214.3
Construction
Nuclear 60.1
Hydro 8.4
Fossil 57.9
Electrical work 325.4
Transportation
Railroad (20 percent coal revenues) 105.5
Truck (12 percent coal revenues) 121.0
Barge (15 percent coal ton-miles) 29.6
Pipelines 16.7
Gas and oil extraction 360.3
Electric companies and systems 314.9
Gas companies and systems 159.5
Electrical industrial apparatus 212.3
Petroleum refining 157.1
Heating equipment exelectric 37.9
Steam engines and turbines 42.9
Construction and mining equipment 337.0
Power-transmission equipment 47.2
Transformers 48.0
Electrical lighting and wiring equipment 195.4
Electronic components and accessories 372.0
Railroad equipment (20 percent coal revenues) 8.6
Other petroleum and coal products 45J8
Electrical goods 319.1
Gasoline service stations 627.0
Total 4 223.9
Table 8.1: Employment in the U.S. Energy Sector, 1976 [166]
The skills needed in the energy sector are different from other industries. As Table
8.2 shows, about one third of all energy production employees are in craftsman and 
foreman categories, while 13% of all workers fall in these classifications. Similarly, 
engineers account for about 1 % of all workers, but 4% of the energy sector's work force. 
Only 3% of the energy work force is in sales and services occupations, compared with 19%
of the total work force.
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Occupational Classification
Energy-
Production
Industries All Industries
Professional, technical workers 13 14
Engineers 4 1
Managers, proprietors 6 10
Sales workers 1 6
Clerical workers 19 17
Craftsmen, foremen 32 13
Operatives 21 17
Service workers 2 13
Labourers and farm workers 5 9
Table 8.2: Distribution of Production Employment by M ajor Occupational
Classifications (in percent) [166]
From 1950 to 1971, the fastest growing sector of the economy in terms of US 
employment was trade, finance and services (+ 10%) followed by government (+ 6.4 %) 
(see Table 8.3).
Though agriculture and manufacturing grew during this period, their relative shares 
of total economic activity declined by about 9% in production of goods and services; about 
10% in national income; and more than 13% in employment. Jobs in agriculture declined 
from 7.2 million in 1950 to 3.4 million in 1971. While the proportion of workers in 
manufacturing declined, the absolute number of jobs in the manufacturing sector increased
by about 3.3 million.
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1950 - 1971 Percentage Change in Shares of:
Industry Group National Income Total Employment GNP
Agriculture 
& mining
-5.5 -10.6 -5.6
Manufacturing 
& construction
-5.0 __4.0 -7.0 ■
Trade, finance 
& services
+ 4.6 +10.0 +5.9
Transport,
communication 
& utilities
-0.8 -1.5 -0.3
Government + 6.3 + 6.4 +5.1 -
Total economic 
growth
+255% + 41% + 269%
Table 8,3: Relative changes in national income, total employment, and gross nationalri64iproduct by major sectors of the U.S. economy, 1950-1971.
Such figures show the dominance of the service sector (services, trade, finance, 
communications, government, transportation) in the growth of the US economy for this 
period. The manufacturing and agricultural sectors taken together showed a net loss of a 
half-million workers, precisely because these sectors have experienced high productivity 
gains. The value of output in these two sectors increased 250% between 1950 and 1971. (In 
constant dollars, the increase was 109%.)
Changing consumer preferences have also affected the energy industries. For 
example, the development of large diameter natural gas pipelines, and growing consumer 
preferences for natural gas enabled the Gulf Coast natural gas industry to enter into 
traditional coal markets. These factors, together with the changeover to diesel fuel 
locomotives and the rapid automation in mining, have led to a drastic decline of more than
300 000 jobs in the coal industry since 1947, mostly in Appalachia.
■The energy industry itself and the economy's energy intensive industries have 
continuously become more capital intensive and, in the process, have provided a smaller
Amir A. Sadighi PhD Thesis, March 1998
Chapter 8, Energy and Employment 290
share of the nation's jobs. This is easily seen by comparing the shares of energy, labour, and
capital in these industries. They consume about one-third of total ÙS energy; they account 
for about 45% of US industrial production (or about 15% of GNP); and they provide only 
about 10% of total employment. But as a group they account for one-half of the new capital 
requirements (including construction) in the industrial sector.
The energy industries of the US economy consist of seven major industry groups: 
coal mining; oil and natural gas extraction; refined petroleum and coal products; pipeline 
transportation; electric, gas, and combination utilities; petroleum bulk stations, terminals, 
and other fuel wholesale merchants; and gasoline service stations and fuel oil dealers.
Total employment in the United States increased 41% between 1950-1971, while 
employment in the energy industries increased only 5.5%, or 115 000 workers. The net 
increase in energy industry employment was due entirely to growth in the utility and fuel 
industries, with gasoline service station employment dominating the trend. During this 
period, employment actually decreased by 341 000 in mining, refining and pipeline 
transportation industries.
Forty-three percent of the jobs in the US energy industry are in fuel distribution, 
while mining and refining accounts for 27%, and utilities account for 30%. The significant 
decline in coal mining employment (300 000) and the large increase in service station and 
fuel dealer employment (248 000) indicate the changes over the past two decades.
Five manufacturing groups are clearly the largest industrial energy consumers: 
primary metals; stone clay and glass; food and kindred products; chemicals and allied 
products; and paper and allied products. They consume two-thirds of the energy used 
annually by US manufacturing.
In 1971, these five groups employed 4.8 million workers - 7.3% of total US 
employment and 26% of US manufacturing employment. While total US employment 
increased 41% between 1950 and 1971, total employment in these five energy intensive 
industries was static. Employment within two of these groups actually declined (primary 
metals went’down 5.5%, food and kindred products 11.6.%) Two advanced faster than 
total manufacturing, but slower than the overall economy: chemicals increased 32%, and
paper 30.9%.
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The labour force was projected to grow from 91 million in 1973 to 108 million in 
1985, and at least 127 million in 2000. Total employment was 84 million in 1974; it was 
then projected to reach 103 million in 1985. Table 8.4 summarises the estimates for 
population and the labour force and employment totals that are consistent with the Census 
Bureau's Series E projections (fertility = 2.1). While growth in the labour force will slow 
after the early 1980s, it will not necessarily inhibit growth in general economic activity if 
participation rates and productivity increases are slightly higher than past trends. And it
will lessen the pressure for high growth rates to maintain full employment.
1950 1960 1970 1973 1985 2000
Population  ^(millions) 152.3 180.7 204.9 210.4 235.3 264.4
Labour force (millions) 619 72.1 85.9 91.0 108.0 127.0
Employment  ^(millions) 519 65.8 78X5 84.4 103.0 121.2
Participation rate (%) 42.0 40.0 41.9 43.3 45.8 48.0
Unemployment (millions) 3.3 3.9 4.1 4.3 5.0 5.8
Unemployment rate (%) 5.3 5.5 4.8 5.1 4.6 4.6
Population below 20 or over 65 64.1 86.2 97.3 97.6 100.0 109.6
(millions)
 ^Series E: fertility = 2.1%
 ^Civilian and military
Table 8.4: Population, labour force, employment levels - selected past years 
and projections for 1985 and 2000
Figure 8.3 defines full employment as the vector balanced between economic 
growth and technical development. This figure emphasises that when a limit to economic 
growth is approached, continued traditional technological development leads to 
unemployment. This would indicate that the development in technology may have to be
reoriented, possibly towards the discovery of new alternatives.
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ECONOMIC GROWTH j ^
technological
development
Fig. 8.3; Economic growth, technological development 
and full employment
According to American sources (Tables 8.5 & 8.6), energy industries are already 
heading the list of energy intensive, labour extensive industries with a very high capital 
investment cost per worker; i.e. industries which will not help to fight either the public 
finance or the unemployment problems.
Table 8.6 indicates that the energy industry requires more investment per job than 
any other sector of the economy. This means that capital is invested in the production of 
petroleum, natural gas, or electricity; there is therefore a net loss of jobs because the money 
is unavailable for investment elsewhere. One estimate suggests that for each 1.055 x 10*^  kJ
of primary energy that is converted to electricity, there is a net loss of 75 000 jobs in the
. ,  [162] economy at large.
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Personal consumption expenditure Energy intensity 
(kJ per Dollar)
Labour intensity 
(labour units per dollar)
electricity 530.109 0.044
gasoline and oil 507.108 0.073
kitchen and household appliances 61.954 0.073
new and used cars 58.661 0.078
food purchases 43.225 0.085
furniture 38.680 0.092
women's and children's clothing 34.883 0.100
religious and welfare activity 29.319 0.086
telephone and telegraph 20.090 0.055
Table 8.5; Energy and labour intensities of personal 
consumption activities, USA 1974 ^
Industry Capital Investment 
Per Employee (US$)
petroleum 108 000
public utilities 105 500
chemicals 41 000
primary metals 31 000
stone, clay, glass 24 000
all manufacturing (average) 19 500
food and kindred products 18 000
textile mill production 11 000
wholesale and retail trade 11 000
services 9 500
apparel and other fabricated textiles 5 000
Table 8.6; Capital investment per job, USA 1974 [163]
8.1.6 Energy Conservation and Job Creation
One of the justifications offered for energy mega-projects, is a job creation 
overview of labour intensity studies, however, such a view is insupportable if the 
competing options are conservation and efficiency. As Figure 8.4 illustrates, conventional
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energy projects are poor investments if job creation is an important goal, and mega-projects
r. [167]fare even worse.
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Figure 8.4: Labour Intensity of Investment in the Energy Sector 
(Direct employment per $M (1976) invested in various energy sectors) [167]
Studies in the US confirm this relationship. In his Comparison of Job Intensities of
Nuclear/Solar resources, Skip Laitner estimated that by the year 2000 solar
technologies will provide roughly 2.5 times more jobs per unit of energy produced than 
will nuclear power plants in the US. In a broader study by economist Leonard Rodberg
for the US Congress, a conservation and renewable energy strategy was presented that
would require only 56% of the capital investment required in the "business as usual" 
scenario, while providing one million more energy sector jobs by the year 2000. The 
financial savings would also generate two million jobs (net) in non-energy industries.
This inverse relationship between capital intensity and labour intensity appears to 
exist even within the conventional electricity sector. A 1976 US estimate found that coal 
power resulted in a 40% higher total labour requirement than nuclear plants, although the 
latter cost a great deal more to build. In an era of high unemployment, labour intensity may
become increasingly important. 
Amir A. Sadighi
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Electric utilities accounted for 45.3% of capital invested in energy projects in 
Canada from 1979-82, while providing an average of only 17.9% of Canada's delivered 
energy in the same period. This investment represents one tenth of all capital invested by 
the entire economy, from a sector which generated only 2.7% of Canada's GNP. The 
average rate of debt to equity for Canada's electric utilities was 78:22 in 1980, indicating a 
massive long-term debt that grows with each new project.
Table 8.7 compares utility long term debt in each province with total long-term debt 
of the provincial government,
Province Provincial 
Public Utility 
Debt (SM)
Total Provincial 
Direct and 
Guaranteed 
Debt (SM)
Public Utility 
Debt as a % of 
Total Provincial 
Debt
Quebec 16 234 33 389 49
Ontario 16 443 35 685 46
British Columbia 7 081 11 813 60
Alberta 11 376 0
Manitoba 2 644 6 008 44
New Brunswick 2 227 4 363 51
Newfoundland 1 466 3 796 39
Saskatchewan 1 424 4 467 32
Nova Scotia 1 132 4 572 25
Prince Edward Island - 358 0
Total 48 651 115 827 42
(1) Includes an estimate of the amount of syndicated bank loans.
(2) As of March 31, 1983 (Dec. 31, 1982 data not available)
Table 8.7: Provincial public utility debt vs. 
total provincial debt (Debt as of December 31,1982) [167]
Some work by Rodberg in the United States along somewhat similar lines
analyses the additional employment generated as a consequence of energy conservation in 
the following way. An energy strategy is proposed for the period up to the year 2000 based 
on: the rigorous insulation of private residences and commercial buildings, combined with 
solar-powered heating; in industry, a specified set of more energy-efficient practices and 
the use of solar-powered machines; in transport, increased fuel efficiency in road vehicles;
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and in electricity generation, the application of photo-voltaic cells, wind power and solar
generators, particularly in small-scale private enterprises, agriculture and the residential 
sector, to reduce the demand for commercial energy. By implementing such a policy, 
conventional energy demand could be reduced by 37% of its present projected value in the 
year 2000. A total of 2.17 million jobs would be created in the manufacture and installation 
of insulation equipment and small-scale energy devices, a larger number than the 
associated loss of jobs in the construction and operation of large-scale energy installations, 
estimated at 1.14 million. Other US studies confirm that conservation measures of the kinds 
mentioned are less expensive than investment in additional production capacity in nuclear 
power plants or similar energy installations. Of course, there will be a point of diminished 
returns when this ceases to be true, but that point may be some way off in the future. An
analysis by Elliott of the alternatives to the UK nuclear power programme arrives at 
conclusions similar to those of Rodberg a conservation strategy to the year 2000
could generate 1.52 million man-years of work compared with the 0.66 million man-years 
of employment associated with the construction of nuclear reactors producing the same
. r [168]amount of energy.
Energy conservation and solar energy use in the Nassau/Suffolk region would 
stimulate 2.4 to 2.7 times as much employment in the US economy as would use of an 
equivalent supply of oil, natural gas and electricity. The net effect of the Nassau/Suffolk 
energy conservation and solar energy strategy, after taking into account of the reduced 
employment in the energy supply industries would be the creation of an average of 10 000 
to 13 000 jobs throughout the US economy during the next 38 years.
These significant benefits would be achieved if the $16 billion of consumer 
spending on inefficient energy use, as quantified above, were instead spent in the following 
ways: $4 billion on energy conservation and solar energy, $ 7 - 1 1  billion (the consumers' 
net monetary savings) on average consumer purchases, and $ 1 - 5  billion on utility fixed
costs. The comparative study is shown in Table 8.8.
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Energy future
Dollars of 
Expenditure 
(billions 1976$)
Labour Years 
per Million $ 
Expenditure
Total 
Employment ■. 
(labour years)
Average 
Number of 
Jobs*
Continued consumption
Total
(on-site and multiplier)
16.27 17.7 287 000 7 600
Conservation scenario
Scenario implementation: 
On-site 
Multiplier
4.04 48.8 76 000 
121 000
2 000 
3 200
Increased discretionary 
spending **
7.43 to 10.63 50.3 374 000 to 535 000 9 800 to 14 100
Utility fixed costs ** 4.79 to 1.60 24.0 115 000 to 38 000 3 000 to 1 000
Total 16.27 685 000 to 770 000 18 000 to 20 300
Ratio of the total employment from tlie Conservation scenario to tlie total employment from Continued 
Consumption: 2.4 to 2.7
* Average number of jobs for tlie 38-year duration of the scenario.
** There is a short-tenn uncertainly regarding the ability of consumers to realize tlie full value of tlie 
electricity savings due to fixed utility system costs (i.e., costs tliat will not respond proportionally to 
dampened electricity demand). For tliis reason 25% to 75% of tlie electricity savings were assumed 
not to increase consumers' discretionaiy spending, but rather to be retained.by. tlie utility through 
increased rates to cover tliese possible costs. Where figures are given as a range, tlie first figure in 
the range was calculated assuming high fixed utility costs, and tlie second figure was calculated 
using low fixed utility costs.
Table 8.8: National employment comparison: Conservation Scenario vs. Continued
Energy Consumption for the USA.
Some Canadian experience in energy conservation measures and employment are 
noteworthy. Efforts were made to reduce the size of automobiles, making them more 
efficient. The only impact such a change has is the reduction in labour in oil production 
activities, but public policy transferred this loss to foreign suppliers by reducing oil 
imports. Pollution will also decrease as will the cost of owning and operating vehicles.
Public transit, such as buses, will make modest savings in energy or capital 
requirement, since they are not very efficient compared to reasonably loaded automobiles. 
The effect"on employment is significant if people switch to buses. Personal savings can be 
important if commuting becomes a substitute for car ownership. Additional benefits would 
be social in nature: reduced parking facilities, air pollution, traffic congestion and demand
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for highways. Public transit represents 15% of urban commuter travel in Canada. Public
transit operations run up large debts and a general shift to their use would require 
considerable reorientation in government policy.
The addition of insulation to existing homes would greatly reduce energy 
consumption. The one-time potential for creating employment of a programme to add 
insulation to one million existing residences in Canada exceeds by a wide margin the losses 
which could arise in the energy-supply sector. Moreover, employment creation would 
occur in the near term. Annual savings in residential heating/cooling will pay back 
investment in insulation in under seven years.
Improved insulation of residences from now on will yield net benefits in terms of 
large energy savings, moderate gains in employment, and reduced household expenditures 
on heating and cooling. Roughly four times as many jobs are created through production 
and installation of insulation in new homes as through the construction of new energy 
facilities. Improved home insulation standards would also help conserve the Canadian 
energy resource: petroleum. Moreover, improved insulation, as one dimension of passive 
solar heating, can also be used as a step toward the substitution of different heating
methods (solar and wood) in the longer term.
An important effect of household energy conservation is the increased spending 
which can be done due to the energy spending reduction. A Statistics Canada simulation 
measured an increase of Cdn$l million of general consumer expenditures as a result of the 
new 65 direct and indirect jobs and 42 induced jobs.
8.1.7 Reconditioning and Recycling
Human labour is very inefficient; and the energy content of a barrel of oil is 
equivalent to the work which can be done by a healthy male adult persevering at hard
manual tasks for 40 hours a week over three years. Many economists believe that the
wheel of history cannot be turned backwards and manpower cannot be substituted for 
energy. Walter R. Stahel looks at the potential for substituting manpower for energy in his 
book "Jobs~for Tomorrow". He concludes that manpower can be substituted for energy in 
different ways:
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"Reversing the historical trend of the machine-for-manpower substitution in 
sectors where this mechanisation has increased the number of professionally 
unattractive jobs or caused job disqualification;
Introducing recycling loops for energy expensive base materials which today 
are not recycled;
Restructuring industrial production processes through the introduction of new 
reconditioning loops in the life cycles of industrial materials or products. Thus 
life cycles of industrial products will replace traditional linear 
production-use-disposal patterns, as Figure 8.5 illustrates." [163]
Prodttcts
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181Fig. 8.5: The Reconditioning and Recycling Loop
Reconditioning is the method which offers the greatest potential for the creation of 
new satisfying jobs and a substantial reduction in energy consumption. Both reconditioning 
of products and components and recycling of materials are important considering a 
trade-off between labour and energy. The pre-eminent importance of reconditioning is 
revealed by the fact that roughly three quarters of all industrial energy consumption is 
associated with the production of basic materials like steel, cement, bricks, etc., while only 
about one quarter is used in the transformation of materials into finished goods. 
Consequently, a maximum saving of energy is achieved when the reprocessing of materials 
(i.e., recycling) is avoided by reconditioning finished articles. The converse is true for 
labour, about three times as much is being used in the conversion of materials to finished 
products as is required in the production of materials. Since most reconditioning procedures 
are more labour intensive, even more than product manufacturing, reconditioning favours 
an increase in labour and a corresponding reduction of energy.
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The value of reconditioning is not only to be judged in terms of the number of extra
jobs that it can produce and the tonnes of oil, coal or units of electricity that it can save. It 
also saves most of the materials of construction which is itself a valuable economy, both in 
terms of finances and resources.
But even more significantly, reconditioning work is mostly very skilled and 
satisfying employment which is best carried out in comparatively small workshops, 
scattered widely throughout the country whenever there are items in need of renovation and 
customers who need them.
Since 1960, employment in the motor manufacturing industry has not increased 
despite a huge increase in the total number of vehicles produced. It is here rather than in the 
big car production plants that the best job prospects - in both numbers and quality - lie in 
the future. This historic change in the motor industry employment pattern would be 
enhanced by the manufacture of more durable cars combined with a thorough periodic 
sensitive-parts replacement and programmed reconditioning; it would also produce very big 
energy and material savings and could create a substantial increase in employment in 
reconditioning workshops. Considering the above-mentioned example, by doubling the 
useful life of a car from 10 to 20 years, the energy and material consumption would be 
nearly halved as also would the labour in the car production plants. But the extra labour 
required in service stations, garages and reconditioning workshops would be likely to 
substantially exceed the number of jobs left in the manufacturing industry.
Bearing in mind that about two thirds of the cost of a mass-produced modern car is 
required to pay for the material, components and energy used in its manufacture and only 
about one fifth is absorbed in labour costs, it is obvious that substantial financial savings 
would occur for a long life car which, providing the amount of maintenance and 
reconditioning work is not excessive, should pay for the extra labour involved, thereby 
ensuring that the cost of motoring would not be increased. The Porsche Research Centre in
Germany has funded a research project on this subject for the past few years.
This section demonstrates that energy conservation can create jobs, and this will be 
very important for I.R. Iran.
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8.2 Energy, economy, and employment for Iran
Iran's population swells with youth; 50% of Iran's citizens are not yet 20 years of 
age. This enormous group of young people will need housing, clothing, and food in the
coming years and to do so, Iran must provide them with employment.
The most important means of generating income for Iran has been oil production. 
Oil production has been an easy way to create cash flow. In fact, this relative ease has 
prevented other industries from flourishing in Iran. Despite its 85 year history, 
technological needs and equipment needs have been readily supplied by foreign companies; 
whereas Iran has been successful in producing its own software and human resources in the 
oil industry.
Oil production serves dual purposes in Iran. It serves domestic energy needs and 
creates currency for purchasing goods and services abroad. This section examines the real 
purchasing power of oil exports, the trends in non-oil exports and the effect of energy 
conservation in employment.
8.2.1 Real purchasing power of Iran's oil exports
The purchasing power of Iran, garnered from its oil exports, is a function of three 
principal factors. One, the current price of oil clearly impacts Iran's revenues. Two, the 
global inflation rate, particularly in developed countries from which Iran purchases goods 
and services, affects Iran's purchasing power. Finally, since oil is sold in US dollars, the 
value of the US dollar contributes to Iran's purchasing power. The discussion below 
considers each factor separately.
In 1944, at Bretton Woods, New Hampshire, the USA hosted a conference in 
which 44 countries participated (Iran included). The central issue was developing a new 
international monetary system. Two alternatives were proposed as the basis for this 
system: gold-backed currency or gold and key-currency backed currencies. By the latter, it 
is meant that a currency has not only gold reserves to give it value, but reserves of major 
currenciesTike the British pound or US dollar. It was this mixed base that won out over the 
gold-only approach. As well, the value of the US dollar was established at 1/35 the value 
of 1 ounce of gold.
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In 1949, the US had $25 billion in gold reserves while foreign countries held $6 
billion in US dollars. However, 25 years later, the US gold reserves dipped to $12 billion
dollars.
By the late 1960s, most countries felt that the US dollar was over-valued. Later, 
some countries decided to trade US dollars in exchange for gold, but the US refused. In 
1971, President Nixon broke with the Bretton Woods agreement and announced that the US 
would no longer exchange gold for US dollars. Nixon floated the US dollar, placing its 
valuation in relation to other currencies like the British pound, Germany’s deutschmark, 
and Japan's yen.
This phenomenon has the following relationship with Iran's purchasing power. 
Iran's oil exports receive payment in US dollars. When the US dollar loses value against 
Iran's principal trading partners, Germany and Japan, so too, does Iran's purchasing power 
reduce. Table 8.9 shows the average share of Iranian imports by country for the period 
from 1970 to 1994.
Table 8.10 demonstrates the impact US exchange rates have on Iran's oil revenues. 
From 1970 to 1994, Iran generated $345 billion from oil exports. However, after being 
adjusted for US exchange rates, that income is only $284 billion; $61 billion or 17.7% was 
lost due to the steady devaluation of the US dollar over the 25 year period. On a yearly 
basis, this translates into $2.44 billion losses for Iran.
Table 8.11 indicates how inflation has affected Iran's oil revenues and the losses 
due to inflation. From 1970 to 1994, Iran's $345 billion in oil revenues provided Iran with 
$157 billion of real income: 54% of Iran's revenues (i.e., $188 billion) was lost due to 
inflation. This is equivalent to yearly losses of $7.54 billion on $13.83 billion in revenue.
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No. Country Average.of the sliare 
in tlie period (%)
1 Germany 21.12
2 Japan 16.02
3 U.S.A. 9.6
4 U.K. 8.13
5 Italy 7.47
6 France 4.63
7 Turkey 3.48
8 Holland 3.20
9 Belgium 2.88
10 Switzerland 2.69
11 Australia 2.45
12 South Korea 2.09
13 Sweden 1.86
14 Romania 1.85
15 Spain 1.81
16 Austria 1.70
17 India 1.65
18 Singapore 1.26
19 Canada 1.24 - ..
20 Cliina 1.21
21 Denmark 1.05
22 New Zealand 1.01
23 Finland 0J8
24 Ireland 0.24
25 Greece 0.23
26 Norway 0.22
27 Portugal 0.14
Table 8.9: Average share of Iranian Imports by country 
for the period from 1970 to 1994.
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Year
Oil revenues 
(cu rren t $1000) Purchasing power of US dollar
Oil revenues after exchange rate adjustment ($1000)
1970 2 358 100.00 2 358.00
1971 3 494 98.07 3 426.57
1972 3(%8 9239 3 361.15
1973 5 617 84.15 4 726.71
1974 20 904 8537 17 845.74
1975 19 634 8537 16 741.91
1976 22 923 87.73 20 110.34
1977 23 599 85.56 20 191.30
1978 21 684 75.58 16 388.76
1979 19 186 72.10 13 833.11
1980 13 286 71.62 9 515.43
1981 12 053 86.11 10 378.83
1982 19 233 105.12 20 217.73
1983 19 035 9638 18 384.00
1984 12 256 108.78 13 332.08
1985 15 590 120.01 18 709.56
1986 6 261 86.14 5 393.22
1987 10 117 6835 6 965.55
1988 9210 66.16 6 093.34
1989 10 809 7331 7 978.12
1990 14 567 63 32 9 223.82
1991 15 280 6634 10 090.91
1992 15 700 6238 9 777.96
1993 14 241 6A49 9 184.02
1994 15 068 65.70 9 899.68
Total 345 733 - 284 127.84
Table 8.10: The impact of US exchange rates on Iran 's oil revenues
from 1970 to 1994
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Y ear
Oil revenues 
(cu rren t $1000)
Inflation
index
D eflated oil 
revenues 
($1000)
Loss th ro u g h  
in fla tio n  
($ 1 0 0 0 )
1970 2 358 100.00 2 358.00 0.00
1971 3 494 94.73 3 309.87 184.13
1972 3 638 89.82 3 267.65 370.35
1973 5 617 82.92 4 657.62 959.38
1974 20 904 73.77 15 420.88 5 483.12
1975 19 634 66.26 13 009.49 6 624.51
1976 22 923 61.48 14 093.06 8 829.94
1977 23 599 57.66 13 607.18 9 991.82
1978 21684 54.11 11 733.21 9 950.79
1979 19 186 50,31 9 652.48 9 533.52
1980 13 286 44.70 5 938.84 7 347.16
1981 12 053 41.43 4 993.56 7 059.44
1982 19 233 3634 7 027.74 12 205.26
1983 19 035 36.09 6 869.73 12 165.27
1984 12 256 33.77 4 138.85 8 117.15
1985 15 590 3336 5 200.82 10 389.18
1986 6 261 31.82 1 992.25 4 268.75
1987 10 117 31.65 3 202.03 6 914.97
1988 9210 31.44 2 895.62 6 314.38
1989 10 809 29.73 3 213.51 7 595.49
1990 14567 29.13 4 243.37 10 323.63
1991 15 280 28 56 4 363.97 10 916.03
1992 15 700 2831 4 444.67 11 255.33
1993 14 241 2634 3 722.60 10 518.40
1994 15 068 25.30 3 812.20 11 255.80
Total 345 733 - 157 169.20 188 563.80
Table 8.11: The impact of inflation on Iran's oil revenues (1970-1994) [173]
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8.2.2 The importance of oil to Iran's government revenue
Table 8.12 gives the proportion of Iran's GDP for various economic sectors. The 
rise in oil prices in 1973 produced a proportion for oil in the GDP of 45.4% in 1974. This 
is the highest it has ever been. The price of oil collapsed in 1986 and so too did the 
proportion of the GDP for oil; from 1989 to 1992, that proportion was less than 11%. With 
the recovery of oil prices, the proportion of oil in Iran's GDP has risen slightly to 18.5% in
1994. Iran’s GDP and the contribution of oil to the GDP is highly sensitive to the price of
oil.
Table 8.13 shows the importance of oil as a source of foreign currency income. It 
also shows the gradual diversification of Iran's exports into non-oil areas. In 1989, oil and 
gas exports provided 92% of Iran's foreign currency income. This has dropped to 79.3% in 
1993 and 76.4% in 1994. However, non-oil exports, accounting for 8% of Iran's foreign 
currency income in 1989, have gained share of the income, rising to 20.7% in 1993 and
23.6% in 1994. This reflects the success of Iran's First Five Year Plan.
Table 8.14 shows the contribution of three different sources of the Iranian 
government's revenue: oil and gas; taxes; and others. From 1993 to 1995, oil and gas has 
dropped from 72.5% of the government's revenue to 61%. Meanwhile, taxes have 
remained largely the same and the other category has risen from 7.5% to 20%. The other 
category includes services and state-run monopolies. The Second Five Year Plan calls for 
continued reduction of oil and gas' share, from 61% to 53%. The reduction will be
countered with an increase in taxes as a source of revenue, from 19% to 26%.
Sectors 1974 1977 1989 1990 1991 1992 1993 1994
Oil 45^ 30.4 6.3 10.5 8.1 9.0 17.4 18.5
Agriculture 11.6 9.7 2A5 23.4 22.8 23.6 20.5 21.1
Industry and 8.6 9.6 17.1 17.9 19.9 19.9 18.6 18.1
mining 
Services __ 34.4 50.3 52.1 48.2 49.2 47.5 4T5 42.3
- Tab e8.12: 1rhe proportion o1 GDP for
different economic sectors (current prices) [1741
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1989 1993 1994
Millions
dollars % Millionsdollars % Millionsdollars %
Oil and gas 12 037 92 14 333 79.3 14 216 76.4
exports
Non-oil exports 1 044 8 3 747 20.7 4 400 23.6
Total 13 081 100 18 080 100 18 616 100
Table 8.13: Foreign currency income of Iran in US Dollars [175]
1993 1994 1995 Forecast for the 
second five year 
plan
Oil and gas 72.5 59 61 52.7
Taxes 20 26 19 26
Others 7.5 15 20 21.3
Table 8.14: The Iranian Government’s revenue by source (%) [176]
8.2.3 The importance of non-oil exports
To understand the importance of Iran's non-oil exports, consider Table 8.15. This 
table gives the amount of non-oil exports as well as the growth rate for these exports. In 
1972, non-oil exports generated $440 million for Iran. Up to 1977, non-oil exports, 
hampered by the tremendous advances for oil prices, grew by 8.4% per year, bringing non­
oil exports to $635 million. The 12-year period that follows witnessed a 5.5% growth rate 
in non-oil exports. During this time, war with Iraq stemmed the growth of such exports. 
However, the First Five Year Plan produced a veritable boom in non-oil exports which 
grew at an annual rate of 64.3%. [177]
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Year
Non-oil exports 
(US $ million)
Growth rate 
(%)
1972 440 -
1977 625 8.4
1989 1 044 5 j
1990 1 312 25
1991 2 649 102
1992 2 988 12.8
1993 3 747 25.4
1994 4 400 17.4
Table 8.15: the value and growth rate of non-oil exports (1972-1994) [177]
In 1989, non-oil exports accounted for 8% of total exports. In 1994, the success of 
the First Five Year Plan brought non-oil exports to 23.6% of total exports and the Second 
Five Year Plan forecasts this proportion to increase to 27.9%. However, Iran faces a 
challenge in the coming years; by 2010, it is expected that oil production will meet Iran's 
own oil demands. Therefore, non-oil exports must make up this potential loss.
Table 8.16 provides Iran's GDP, non-oil exports and the ratio of non-oil exports to 
GDP. In 1989, non-oil exports were 0.27% of the GDP. However, after the First Five Year 
Plan (in 1994), non-oil exports represented 5.2% of the GDP.
Table 8.17 lists various economic factors that pertain to the calculation of exports
per capita and income per capita. The table shows that the First Five Year Plan succeededc ri77]to add $63 to the exports per capita. In 1994, the per capita income was $1 375.
GDP Non-oil exports Ratio of non-oil 
exports to GDP (%)
1989 (billion Rials) 27 028 73 0.27
1994 (billion Rials) 132 000 6 820 5.2
1994 (million dollars) 85 200 4 400
JTTTJTable 8.16: The ratio of non-oil exports to GDP.
Amir A. Sadighi PhD Thesis, March 1998
Chapter 8, Energy and Employment 309
1989 1994
Total currency revenues 
(million dollars)
13 081 18 616
Population (million) 55 62
Export per capita (dollars) 237 300
GDP (million dollars) - 85 200
Per capita income - 1 375
Table 8.17: The economical factors related to per capita income. [177]
The world export in 1994 was nearly 4 000 billion dollars. The share of developed 
nations was 72%, which is on the basis of free trade. The share of Europe was 40%, USA 
14%, Japan 6%, and the remaining countries 12%. The share of Eastern Europe, China and 
North Korea was 5%, while the figure for developing countries was 23%. Therefore there 
is a potential market of $2 880 billion in the developed countries, and $920 billion in the 
developing countries. Iran can try to get into this market. - -
Iranian industry is geared towards import substitution: it aims to provide goods to 
the domestic market that would otherwise be purchased from abroad, without any ambition 
to export the goods it produces. However, in order to purchase the technology and 
components required to build the plants and factories, Iran needs large amounts of foreign 
capital.
Table 8.18 shows where Iran deploys its foreign capital. The "real sector" refers to 
oil production, agriculture, industry and mining. For every $100 of foreign capital, $19 
goes to the oil industry while $68 is invested in the non-oil components of the "real sector." 
Yet the non-oil components contribute only $23.6 to every $100 of foreign capital earned 
by Iran. Moreover, the non-oil components of the real sector may represent only 39% of 
the GDP. This situation runs the risk of being unsustainable.
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Sectors Currency needs
Foreign currency needs of the country 100
Currency needs of the real sector 87
Currency needs of the oil sector 19
Currency needs of the real sector (without oil) 68
Share of the real sector (without oil) 39
Percentage of currency income of the real sector (without oil). 23.6
Table 8.18: Currency needs and the income of the real sector (without oil) [177]
8.2.4 Energy conservation and employment
In the past few years the value of oil and the U.S. dollar have declined and inflation 
has increased. Therefore, the real purchasing power of Iran was reduced. This trend might 
continue and Iran should seek new ways to solve its economic and employment problems. 
Energy conservation is one of the most important things that Iran can do at this stage. It 
extends the life of resources, reduces domestic consumption which can help increase oil 
exports, and most important it creates employment.
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Energy and the Environment
hi today's society the availability of energy carriers such as fossil fuels (coal, oil, 
gas) have facilitated the increase in energy intensity of civilizations since the industrial 
revolution. The use of fossil fiiels and other sources of energy have provided increased 
mobility, increased longevity, and increased complexity to our industrial and social 
infrastructure. However, there is a cost to these benefits: that of environmental degradation. 
Many environmental issues such as acid rain, toxic metals, unbumed hydrocarbons, 
methane gases, carbon dioxide and other gases are well known problems that are directly or 
indirectly associated to energy consumption. The environmental effects can be extended on 
a more global scale with problems such as forest dieback, acidification of lakes, sea-level 
rise, increased desertification and climatic instability. The recognition of these problems 
has raised concerns for the protection of the natural environment by the conservation of the 
resources and a more efficient use of them.
9.1 Energy and the Environment in General
9.1.1 The Carbon Cycle
In using fossil fuels like coal, oil and natural gas, the stored energy of past
photosynthesis is used. So in fact, the energy derived from these fossil fuels is that of past
generations and current industrial economies are using these fiiels millions of times faster
than the rate at which they were accumulated. Humans have taken the products of the
natural carbon cycle, used them in economic activities, and created a build-up of
carbon-based gases in the atmosphere. The current portion of carbon dioxide in the
atmosphere is estimated to be 25 percent above pre-industrial levels. There is an estimated
735 billion tonnes of carbon in the atmosphere with human activities such as burning fossil
11781fuels, deforestation and farming adding about 6 to 7 billion tonnes each year. This is
termed the "carbon crisis" because of the important impacts that are felt by the build-up of 
carbon dioxides, methane, and the destruction of tropical forests. These three impacts cause 
the greenhouse effect which is the cause of global warming.
9.1.2 Global warming
Carbon dioxide and methane in the atmosphere trap energy from the sun. However, 
pre-industrial levels of carbon dioxide (i.e., 270 ppm) were sufFicient_to secure an adequate 
level of warmth. The increased levels of carbon dioxide to 350 ppm have resulted in the
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gradual heating up of the planet. Figure 9.1 shows the trend of carbon dioxide
[179]concentrations since 1750.
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Fig. 9,1: Trends in atmospheric CO2 levels 
since the start of the "Industrial Revolution"
Seventy to eighty percent of carbon dioxide emissions are directly related to the
burning of fossil fuels. Although natural variations in climate occur from changes in the
sun's luminosity and volcanic eruptions, historic data suggests that an overall mean global
temperature rise of 0.5 K has occurred since 1850 (pre-industrial times). If  this
temperature rise is the result of an increase in the concentration of CO2 80 ppm, a rise of
1.5 to 4 K is predicted if the current increase in carbon and methane gas continues. This
temperature change is sufficient to disrupt the very fragile ecosystem. The mean global
temperature was a mere 4 K cooler during the last ice age than today. A borehole drilled
in the Antarctic by the former Soviet Union provided an historical record of the amount of
carbon dioxide in the air. The analysis showed that the concentration at present times is
[178]higher thai^at any other time in the last 160 000 years, 
associated with global warming:
• Climatic changes
There are several effects
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• Rise in sea levels and increase in algae growth
• Adverse effects on agriculture and altered rainfall patterns
• More frequent occurrences of extreme weather events such as droughts, floods, 
hurricanes.
• Food and water shortages
The above effects resulting from global warming are quite dramatic. For example, 
the location of the com belt in the USA is determined largely by climate. The climatic zone 
for farming would shift 100 km north per degree Celsius change. Also one model studied 
predicts that a 5 K increase in Arctic temperature would cause the ice sheet to disappear
completely for a two month period each year.
It is clear that the industrialized countries are more responsible for the increase in
carbon dioxide emissions as the industrialized nations consume more than half the world's
energy, despite having 1/6 of the world's population. The people of industrialized countries
use five times the amount of the average person in the rest of the world. The United-States
has one of the highest energy consumptions per capita as it accounts for 25 percent of the
11781world's total energy use while having only 5 percent of the world's population. Table
9.1 shows the release of carbon dioxide accompanying the combustion of fossil fuels for 
selected countries.
Country Order of annual 
emissions 
(tonnes/head)
Brazil 1
Canada 15
China 2
France 6
Germany (East) 20
Germany (West) 11
India 1
Japan 7.5
South Korea 4
Mexico 1
Poland 12
Romania 8.5
UK 10
US 18
USSR. 13
Table 9.1 Comparative emissions of carbon dioxide per capita. [179]
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It is clear that a need to reduce carbon dioxide emissions exists and that policies
should be put forward to achieve this goal At conventions in Rio de Janeiro in June 1992
and in Berlin in 1994, many nations agreed to stabilize the atmospheric release of
greenhouse gases such as carbon dioxide and methane back to 1990 levels. However,
before such a treaty was signed there were many political issues to be solved. For example.
President Bill Clinton supports the targets, but the United States' position is that it will not
sign unless developing nations agree to comply with certain environmental regulations to
be set out at a conference in Kyoto, Japan in December 1997. This underlines the
pervasive attitude that predicts that developing nations will contribute to the greatest
increase in emissions in the years to come. On the other side, developing nations feel that
global warming is a problem that has been created by industrialized countries and thus
should be solved by them as developing countries account for 75 percent of the world's
r i8 2 ipopulation but only 20 percent of energy use.
9.1.3 The Carbon Tax
One of the proposed solutions to the carbon crisis is to charge not only for the use 
of fossil fuels but for the use of the atmosphere. The extra charge for the emission of 
carbon dioxide created by the combustion of fossil fuels aims to assign a monetary value to 
the atmosphere which is generally considered as free in conventional economic terms. The 
principle of a Carbon Tax is that it be proportional to the amount of carbon emitted by the 
combustion of the particular foel.
The objective of the Carbon Tax is one or several of the following outcomes:
1. To use lower carbon content fuels (e.g. natural gas produces 40 percent less 
carbon dioxide than coal for the same amount of energy.)
2. To use non-carbon based fuels instead of carbon based fuels (e.g. solar energy 
instead of oil)
3. To promote energy efficiency (i.e. achieve the same results with less energy)
In all of the above ways the expected outcome of the Carbon Tax is a reduction in
carbon dioxide emissions. This tax appears as a sound policy but there are several
complexities associated with its proposal. Some of the complexities involved include
11831non-price influences, its distributional impact, elasticity, and macroeconomic impact.
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The issue of non-price influences is that fossil fuels are used not only because they 
are relatively cheap but because of factors other than price. I f  the price of fuel increased 
dramatically, other energy efficient alternatives or technologies need to be available. For 
example, if the price of gasoline increased there would need to be alternatives to driving to 
work with a conventional automobile, solar powered vehicles or public transport systems 
would allow the transition to energy efficient and cost efficient modes of transportation. At 
the moment these alternatives are not available. So, in order for the Carbon Tax to be 
implemented other policies are required to assure that cost-efficient alternatives to fossil 
fuels be in place.
Another problem associated with the Carbon Tax is its impact on various sections
of the population. In the UK, the greatest impact is most likely to be felt by poorer people
with the effect of aggravating social injustice and equity. In any industrialized country the
cost of energy represents a large part of a poor family's budget. The poorest 20 percent of
American families spend more than 25 percent of their budget on energy needs while it is
only 6 percent for the richest 20 percent. This distributional impact influences the support
11831any political parties may have as there are considerable electoral risks involved.
The price elasticity of demand is an economic instrument that determines the 
sensitivity of consumers to changes in prices. The elasticity of demand needs to be 
determined for these fossil fuels in order to determine the necessary price changes to reduce 
the amount of fuel people are willing to buy to achieve the desired reduction in carbon 
dioxide emissions. The problem of elasticity is that it is difficult to determine as it varies 
according to the time period involved and according to the possible substitutes for a given 
product. The difficulty associated with the time period is that there is a time lag involved 
before a change in demand is created from a change in price. For example, rises in fuel 
prices may have little impact on demand over a year but considerable impact over several 
years. So to determine a suitable elasticity involves determining a suitable time period.
The major issue concerning a Carbon Tax is its effect on the economy as a whole. 
Some of the  ^questions or concerns are, firstly, the amount of the tax and its possible effects 
on variables such as inflation and unemployment. A second factor-of concern is whether 
the tax would be spent in the country, given to an international organization or if it would
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be saved by the government. The basic fear regarding this second concern is whether this
taxed amount would be taken out of the local economy. A third concern is the impact on 
the competitiveness in international trade, whether the tax is levied on imports and if other
countries are also introducing a similar tax.
The idea of a Carbon Tax in Canada was recently ruled out by Prime Minister Jean 
Chretien based on political reasons alone, not even considering the complexities of the 
economic factors involved. This example demonstrates the great difficulty in proposing 
such a measure to reduce carbon dioxide emissions as politics plays the major link between
issues of energy and the environment.
9.1.4 The Greenhouse Effect
Without human interference, the greenhouse effect constantly operates to maintain 
the Earth's climate. A number of gases in the Earth's atmosphere let solar radiation (visible 
light) pass to the surface of the Earth while trapping infrared (IR) radiation, (also referred 
to as heat radiation) that is reflected off the surface of the earth and would otherwise 
escape. It is this trapping of infrared radiation that is referred to as the greenhouse effect. 
The natural constituents that create the greenhouse effect are water vapour, carbon dioxide 
and particularly clouds accounting for 90 percent. The remainder of the natural effect is
from ozone, methane and other gases. The main greenhouse gas is water vapour
which accounts for most of the greenhouse effect. It is often stated that humans do not 
affect the amount of water vapour in the air but if their actions raise the temperature of the 
earth this will increase the amount of evaporation and thus add to any global warming 
taking place.
The concern about global climatic change resulting from the effect of excessive 
concentrations of greenhouse gases is potentially the most important environmental 
problem relating to energy. The greenhouse gases contributed by human activity are 
referred to as anthropogenic greenhouse gases. At present it is estimated that carbon 
dioxide contributes about 50 percent to the anthropogenic greenhouse effect and should
thus be a primary target. Anthropogenic sources of methane have also increased. Ice 
cores from Greenland have shown that current levels of 1.7 ppm-are about 3 1/2 times 
greater than 300 years ago. This study also found that the quantity of methane was constant
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at about 0.7 ppm since the last ice age up to about the year 1700 which is roughly in line
11781with the industrialization. There are several greenhouse gases other than carbon
dioxide and methane, and a breakdown of these gases and their sources is shown in Table 
9.2. This table indicates that energy is a major contributor to the anthropogenic greenhouse 
effect.
Sector Carbon
Dioxide
Methane Ozone Nitrous
Oxide
CFCs Sectoral
Contribution
(%)Energy 35 4 6 4 - 49
Deforestation 10 4 - - - 14
Agriculture 3 8 - 2 - 13
Industry 2 - 2 - 20 24
% by each gas 50 16 8 6 20 100 '
Table 9.2: Estimates of contributions to the greenhouse effect 
by sector and gas during 1980-2030.
A third major family of greenhouse gasses are the Chlorofluorocarbons (CFCs) of 
which the most widely used is manufactured under the trade name such as Freon. The two 
types of CFCs commonly used are CFC-11 and CFC-12. CFC-ll is used for blowing 
plastic foams and as a propellant in spray cans, while CFC-12 is used in air conditioning 
and refrigeration units as well as in spray cans and for blowing foams. CFCs are also used 
as solvents for cleaning. CFCs are, in small concentrations, comparable to many 
greenhouse gases but because they are very stable, they remain in the atmosphere for 
lengthy periods of time, making them very potent. Besides being a potent greenhouse gas, 
CFCs are also to blame for the destruction of ozone as one molecule of CFC is capable of 
destroying 100 000 molecules of ozone. Because of holes forming in the ozone layer,
higher concentrations of ultraviolet light reach the earth with such repercussions as
.  1 . [178]increasing cases of skin cancer.
Calculating and determining the combined effect of all greenhouse gases is a 
complicated matter but to do this it is important to determine greenhouse gas properties and 
its lifetime in the atmosphere. Methane for example, will be broken down by natural 
processesTelatively rapidly whereas the same amount of CFC-12 will remain until the 
twenty-second century. Determining the radiative effect and its lifetime gives the overall
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global warming potential for a gas. Table 9.3 gives the impact of various greenhouse gases 
compared to carbon dioxide and their rates of increase.
Greenhouse gas Approximate greenhouse impact compared with carbon 
dioxide
Present
concentration
Present rate of increase (%) Lifetime In atmosphere (yr)
Carbon dioxide 1 353 ppm 0.5 50-200
Methane 60 1.7 ppm 0.9 10
Nitrous oxide 270 0.3 ppm 0.2 150
Ozone 2 000 100 ppb 1
CFC-1 1 4 500 0.3 ppb 4 65CFC-12 7 000 0.5 ppb 4 130
Table 9.3: Present concentrations, rates of increase 
and relative effects of different greenhouse gases.
In 1987, the Montreal Protocol called for a reduction in the world production of
CFCs back to the 1986 level by 1989, to 80 percent of this level by 1993, to 50 percent of
this level by 1998, and a complete ban of use and production by the year 2000. However,
the safest course of action would be to cease CFC production entirely and supervise current
releases. This safer course of action is already happening in most industrialized countries.
[180]
9.1.5 Acid Pollution
As with the greenhouse effect, acid rain is one of the more alarming problems 
related to increasing emissions. The problem of acid rain is now more widespread as a 
result of the combustion of fossil fuels producing sulphur dioxide, in particular bituminous 
coal and low-grade petroleum. Even though the term "acid rain" is used, other forms of 
precipitation such as snow or fog can be acidic in nature.
Acid rain is the product of sulphur dioxide mixing with water in the atmosphere. 
Acid rain is also caused by several different types of nitrogen oxides, denoted by the 
symbol NOx. These oxides, when in the presence of atmospheric water, produce nitric 
acids. The ineans by which water mixes with sulphur dioxide and nitrogen oxides is still 
poorly understood but it is believed that it is the acidic particles themselves that cause the 
precipitation In North America, sulphur dioxide causes 55 percent of acidity whereas
nitrogen oxides cause 45 percent with variations depending on specific locations.
Emissions of both nitrogen oxides and sulphur dioxide are increasing and it is anticipated
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that nitrogen oxides may be more significant in proportion. The global emission of sulphur
1179]dioxide has been estimated at approximately 170 million tonnes annually. In the 
United States, it is estimated that half of nitrogen oxides emissions are caused fi*om 
transportation sources with the other major source being power generation. However, 
power generation contributes an estimated 55 percent of sulphur dioxide emissions in both
Europe and North America.
Unlike some other forms of pollution the effects of acid rain are quite observable as 
they cause serious damage to inanimate objects. The damage caused is most noticeable on 
various materials such as steel, iron, leather, cotton, nylon. Acid rain is also capable of
discolouring paints and dissolving white marble and limestone.
The effects of acid rain are also noticeable on the environment, particularly in 
Scandinavian countries and the north-east United States and Canada. The environmental 
impact is that of the acidification of fresh water lakes. At a conference on the acidification 
of lakes in Stockholm in 1982 it was reported that 20 000 of Sweden's 90 000 lakes have 
been severely acidified. In Canada, there are an estimated 50 000 lakes considered 
acidified. In unpolluted areas the pH of precipitation generally ranges fïom about 5 to 7.5, 
the latter being characteristic of alkaline soiled regions. In areas affected by industrial 
pollution, such as the thousands of lakes referred to above, the pH averages about four. The 
acidification of lakes affects the aquatic organisms that inhabit these environments. During 
the spring thaw of winter snow there is what is called an 'acid shock' from the arrival of 
large quantities of acidic water. This acid shock is disturbing to some forms of living 
organisms with repercussions all the way along the food chain. A survey of 1 500 lakes in 
Norway showed that 70 percent of lakes with a pH below 4.3 contained no fish, compared 
with only 10 percent with lakes with a normal pH. The disruption of this ecosystem is 
caused from acids unlocking certain trace metals from soils and sediments which enter the 
food chain.
Not only lakes are affected by acid pollution but land species as well. It has been 
determinefr that some 1 million hectares of evergreen forests in central Europe have been 
contaminated and damaged by acid precipitation. A similar phenomenon has been observed 
in a large number of red spruce trees in the northeastern United States. Acidic precipitation
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is known to alter the pH balance of soils which is suspected to disturb the development of
crops. However, some areas are chemically buffered from the effects of acid pollution such 
as in the North American great plains where underlying limestones and alkaline soils are
capable of neutralizing acids.
One of the great troubles with acid precipitation is that pollutants can travel great 
distances along wind currents which carry the emissions from smokestacks over political 
and juridical barriers. For this reason, it is often difficult to determine the cause of air 
pollution in one area with the effect of acid pollution which can be generated in another 
area. For example, it is highly suspected that electric utilities in the American Midwest are
the cause of the acidification of Quebec lakes.
There are ways of reducing sulphur dioxide emissions. The methods range from the 
removal o f flue gases after combustion in scrubbers to pre-treating combustion fuels to 
reduce their sulphur content. In flue gas removal there are non-regenerative and 
regenerative systems with the main difference being that regenerative systems can produce 
elemental sulphur as a by-product and can be marketed. The obvious alternative to the two 
aforementioned methods is the use of naturally occurring low sulphur coal, in the 
United-States and Canada, western coal has a lower sulphur content, but it has a lower heat 
content and a higher ash content. Because of the higher ash content western coal requires 
more complex equipment than the equipment used to desulphurize the eastern coal which 
diminishes its attractiveness, already hindered by the high cost of having to transport the 
coal across the country.
9.1.6 Radiation Pollution and Nuclear Energy
In the 1960s and early 1970s nuclear energy was looked upon to provide cheap, 
clean and almost inexhaustible energy through the fission of uranium and plutonium. 
Today though, this perception is no longer held as the nuclear industry has been plagued by 
economic, environmental, and political controversies that have considerably reduced its 
growth.
-Amidst the controversies, nuclear power does have major technical advantages over 
other forms of power generation. Extremely high levels of thermal energy can be generated
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per unit mass of uranium fuel with no chemical emissions as opposed to fossil fuel
combustion. However, it has its disadvantages, the major ones being the safety associated
ri87iwith its use and the safe disposal of spent fuel.
Radioactive wastes are produced from the mining and milling of uranium ore and 
from wastes remaining from reactor fiiel. From the milling of uranium ores come mill 
tailings containing thorium-280, which decays with a half life of about 80 000 years to 
radon-222, a radioactive gas with a half life of about 4 days. Some of these mill tailings 
have found their way into building materials and building sites showing that the control of 
such materials are inadequate. In earlier times, tailings were used as a building material for
roads and for the foundations of houses and schools. There is a necessity to isolate the
11871tailings from air and mill water to prevent the generation of radon gas. Attracting
even more attention than tailings is the disposal of spent reactor fuel. The basic fear of mill 
tailings and spent fuel is that these materials pose a threat to public health over their very 
long half lives. Fission products such as strontium-90 and caesium-137 are primary sources 
of radioactivity from spent friel. It is thought that isolation of these substances will be 
required for hundreds of thousands of years. These materials must be isolated over a period 
several times longer than their half lives as they decay into other radioactive materials 
called radiation daughters. These daughters are just as radioactive as their parent material 
and these daughters may become parents to other radioactive daughters and so forth for 
several cycles. A permanent solution to the disposal of spent friel does not exist and there 
are several technical uncertainties with current proposed solutions. But what is certain is 
that these wastes will have to be dealt with for a very long time.
Tremendous fear surrounds the use of nuclear energy because of the effect radiation 
has on humans in the case of a possible mishap and its release to the environment. 
Radiation has been released into the environment on numerous occasions with hydrogen 
and atomic bombs being the main source, including the bombs dropped on Hiroshima and 
Nagasaki. Another source of radiation is from the testing of these weapons of destruction in 
Nevada which is believed to have contaminated huge areas of Utah. Nuclear power plants 
also release radiation to the environment although the amounts have been minimal to date. 
The two most significant nuclear accidents occurred at the Three Mile Island in the USA in 
the late seventies, and at Chernobyl in the former Soviet Union in the late eighties. These 
accidents will not be forgotten and continue to raise questions about the safety of this 
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source of power and whether such risks are warranted. According to one report in 1980, in
U.K. a majority of 46 percent were in favour of nuclear power. Now the reverse is true
where a majority of 43 percent oppose further expansion. It should be noted that the
other energy industries have their own kind of accidents, like the accidents in the coal 
industry and the oil industry. In the other energy industries the risk exists too, but the type 
of risk is different.
The risks in question are the effects on human health. I f  a person is subjected to 
radiation there are two dangers. One, health problems may result directly after exposure 
and the second, being health risks due to the intake of radioactive material into the body 
and continued exposure over a long period of time. Depending on several factors such as 
the type of radiation, the exposure time and the cells affected, some of the possible effects 
could be death, severe impairment of organs or a delayed effect causing cancer, leukemia 
or genetic mutation. A lot of the fear stems from the fact that the level at which a person 
can be exposed to radiation with no danger is not known so there is always a possibility of
damage. However, it is certain that the longer the exposure time the higher the risk.
9.1.7 W ater Pollution
Questions about the quantity and quality of water resources is now an issue as a 
result of increasing pollution of groundwater, oceans, and rivers. Many of the sources of 
water pollution are directly related to energy production, its transportation and 
consumption. A list of some sources is given below.
1. Coal mining. Surface and underground mining cause surface and groundwater 
pollution respectively.
2. Uranium mining and tailings. Chemical contamination and radioactive pollution 
are possible results.
3. Oil wells. Groundwater pollution may result from leaks in casings or ocean 
pollution may result from offshore production.
4. Oil transport. Spills and leaks cause major harm to shore life and sea creatures. 
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5. Power plants. Discharge of chemicals during cleanup operations results in the 
contamination of groundwater.
6. Agriculture. Nitrogen fertilizers, pesticides, insecticides and manure pollute the 
water table and nearby streams and lakes.
Municipal sewage. Sewage contains a number of harmful chemicals^^^^^
In the case of rivers and streams much of the pollution has been from increasing
amounts of sewage from cities and industries with high levels of toxic substances. For
example, as a result of municipal sewage, contamination from PCBs, has made fish from
the Hudson River in the United States unsafe to eat. In Europe, the Rhine and Danube
rivers have been severely contaminated by oil refineries. Another form of pollution that
does not involve contaminants is thermal pollution caused by power plant discharges
altering water temperatures. This ultimately affects the vegetation and fish inhabiting these
waters. Even nuclear power plants are known to have polluted rivers; take for example the
famous accident at Three Mile Island where radioactive tritium was dumped in the
11871Susquehanna River during the cleanup of the accident.
Issues regarding the quality of groundwater are critical as underground aquifers are 
a major source of drinking water. In Long Island, New York, groundwater is the major 
source of drinking water for millions of people but is becoming contaminated with toxic 
chemicals and by-products from industries. With regards to groundwater pollution there is 
much uncertainty about the levels of pollution and the identification of energy related 
sources. One known severe source of groundwater pollution is oil leaks from underground 
storage tanks. Another well known source is waste disposal. In the past it was believed that 
soil, clay, and gravel would filter and purify water leaving waste disposal sites en route 
towards underground aquifers. However, this is not the case, as is shown by a Cornell 
University study which stated that 63 percent of private wells tapping into groundwater 
sources in the United States are contaminated. One of the great concerns in conservation of 
potable groundwater is that efforts to control air quality may lead to increases in water
pollution (e.g., sludges).
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The main source of maritime pollution is from shipping operations. It is estimated 
that for every 1 000 toimes of oil transported by sea one toime is discharged into the ocean. 
This suggests that about 1. 1 million tonnes are discharged to the oceans annually with 
another 400 000 tonnes released as a result of tanker accidents. Offshore production is not a 
major source of oil pollution even though it accounts for roughly 25 percent of world 
production. Spills are known to have grave impacts on shores and bays and have occurred 
in the Gulf of Mexico and the North Sea where the waters are important for tourism and as 
sources of food. There is still a limited amount of information available on the damage of
oil on maritime ecosystems as a whole and further investigation is needed.
It appears as though the very essential energy needed for the well-being of 
humanity is now threatening to undermine the fixture unless preventive action is taken. 
Some of the most desirable options from an environmental point of view is the 
conservation and the use of renewable sources of energy such as solar power. Renewable 
energy creates fewer environmental problems but raises questions with regards to the 
alternative use of land, for example, for the construction of impoundments. The 
construction of such impoundments requires that water be diverted which causes 
disruptions to the ecosystem by altering estuarine currents and water tables. However, the 
use of wind turbines and solar panels generally cause minor disruptions.
Implicit in conservation is a reduction in use through greater efficiency in all energy 
related activities. The benefits of energy conservation and energy efficiency is savings in 
energy consumption as well as lessening the environmental burden associated with energy 
related activities. The environmental benefits of achieving a 20 percent reduction in energy 
consumption are listed in table 9.4.
Source Quantity
Carbon dioxide emission reductions 
Sulphur dioxide emission reductions 
Nitrogen oxides emission reductions 
Radioactive waste reductions 
Reductions in mercury emissions
110 Million tonnes 
740 000 tonnes 
440 000 tonnes 
6 500 cubic metres 
10 tonnes
Table 9.4: Environmental benefits of 20% reduction in energy consumption. [190]
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In hope of achieving environmental benefits there is a need to implement
environmental regulation and policies on a global level. This is often difficult to establish,
even more so to administer and enforce. However, the Montreal Protocol is an excellent
example of how international policy can be effective at reducing pollutants. An alternative
to international policy to reduce pollutants is to provide incentives to polluters to reduce
their discharges while giving them the flexibility with the means to do so. Yet Another
approach which is applied in some countries is to charge emission fees which would be
levied on the amount of discharge. However, this is often difficult to determine. The
polluter can then assess whether to install pollution control equipment or pay the charges.
The charges should be such to encourage pollution abatement and not the payment of fees. 
[185]
Amir A. Sadighi PhD Thesis, March 1998
Chapter 9, Energy and the Environment 326
9.2 Energy, the Environment and Iran
Iran's major sources of air pollution are three: motor vehicles, industries and 
domestic heating. The area most heavily affected by air pollution is Tehran where the 
majority of industrial and commercial activity is located. Tehran's pollution problems will 
be treated in a separate section.
Water pollution poses another problem for Iran. The Persian Gulf suffers from 
shoreline waste, oil seepage and the aftermath of the Persian Gulf War. Concurrently, the 
Caspian Sea's level has risen inexplicably in this decade, causing destruction along its 
important coastline. The causes of this rise are yet to be fully understood.
9.2.1 Pollution of the Persian Gulf [191]
There are three sources of pollution in the Persian Gulf. One, industrial and 
domestic wastes are discharged from the shoreline. Two, oil seeps from rigs and tankers. 
Three, major oil spills followed the conflicts in the Persian Gulf War.
No concrete figure characterizes the quantity of oil seepage from ships and rigs. 
However, the damage caused by oil spills from the Persian Gulf War on Iran's shorelines is 
well-documented. Fishing, tourism, agriculture, water desalinization, oil plants, power 
plants, ports and turtle nesting grounds have all been damaged considerably.
Oil rig burning in Kuwait further stressed 500 000 sq. km of Iran. Acid rain and 
soot deposit wreaked havoc on southern and western Iran. According to the World Health 
Organization (WHO), the presence of lead has increased by 600%, while carcinogenic 
carbon particles have increased by 200%.
The population of 12 500 000 in this area of Iran is fiirther threatened by the 
pollution of 5 000 000 hectares of cultivated lands, 8 000 000 hectares of forests and 
8 500 000 hectares of pastures.
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9.2.2 Sea level rise in the Caspian Sea
In this decade, the sea level of the Caspian Sea has risen. In turn, coastal cities and 
villages have been severely damaged. This has also impacted industries, agricultural areas 
and tourist summer resorts which have been inundated by sea water. The real cause of the 
sea level rise is unknown. However, some of the suspected causes include:
• Diverting two rivers to the Caspian Sea
• Increased deposition of rivers into the Sea.
• Climate change causing increased precipitation.
• Tectonic activities in the sea bed.
• The obstruction of Qarabogas Bay's mouth in Turkmanistan.
Some combination of these causes has contributed to the devastating sea level rise.
119219.2.3 Energy, the environment and Tehran
In 1952, Tehran was home to 700 000 people. By 1995, the population reached 6.5 
million citizens. Along with population growth came growth in the number of automobiles 
and traffic on Tehran's streets.
Currently, there are 1 500 000 vehicles in Tehran, of which 78Ô 000 are cars and 
vans. 80% of these vehicles are domestically produced, relying on manufacturing 
technology from the 1970s.
Tehran accommodates this vehicle population with 210 km of highway, 435 km of 
first class roads, 610 km of second class roads, and 800 km of other roads. There is 
parking capacity for 270 000; 20 000 spaces are off-road, and there are 5 080 parking 
meters charging 400 Riads/b .
Daily emissions in Tehran consist of 3 000 tonnes of CO, 500 tonnes of unburned 
hydrocarbons, 120 tonnes of NO%, 30 tonnes of sulphur, 30 tonnes of suspended 
particulates and 2 to 5 tonnes of lead. (Gasoline in Iran contains lead.)
Three=quarters of Tehran's vehicles live more than 12 years. Vehicles built between
1961-1970 produce 11 times more CO and 4 times more unburned hydrocarbons than their
post-1970 counterparts. A proper servicing of these vehicles can reduce these emissions to
4.5 times and 1.9 times respectively._____________________________________________
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In order to control emissions, authorities limited access to Tehran's commercial 
district between 6:30 a.m. and 5:00 p.m. To obtain access, a vehicle must be inspected. 
Herein lies Tehran's sole opportunity to control emissions per vehicle. In 1995, authorities 
carried out 300 000 inspections.
As well as emissions, Tehran's traffic creates noise pollution; the average person 
hears 8 880 horns in Tehran per day. That represents 6 horns every minute, 1 horn every 
12 seconds.
The Vahed Company supervises Tehran's public transportation system. It oversees 
the use of 4 500 diesel buses and 40 100 diesel minibuses. Additionally, many 
bureaucracies, crown corporations and private companies provide transportation for their 
employees. Of the 800 km of operational road length in Tehran, only 65 km is designated 
for bus-use only. As well, only 3 buses are electrically-powered.
The Air Quality Control Company carried out a study in Tehran during 1996. They 
found greenhouse emissions to be 41 million tonnes of CO2 in that year. Commercial and 
domestic buildings contributed 45% of that figure.
Vehicles provided 9.4 million tonnes of CO2 and 20 500 tonnes of suspended 
particulates (PM-10). Table 9.5 shows the share of greenhouse gases emitted per vehicle 
class.
Vehicle Emissions share
Trucks 25
Buses 3
Minibuses 8
Motorcycles 4
Cars and vans 60
Total 100
Table 9.5: Emissions of greenhouse gases by vehicle class [192]
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Figure 9.3: Vehicle kilometre at peak hour in Tehran [192]
The strategy seeks to improve fuel (e.g., move to unleaded fiiels), improve vehicles 
(i.e., employ modem manufacturing technologies), improve public transportation, increeise 
fuel prices and increase parking fees. This will reduce emissions as shown in Figure 9.4. 
The strategy requires $2.5 billion in capital expenditures and running costs, beginning in 
1998 until 2015.
Despite population growth, the strategy should reduce the number of deaths due to 
suspended particulates by 50% to 2 300 cardiovascular-cau sed deaths and 1 600 cancer- 
caused deaths yearly.
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Fig. 9.4: Emission of greenhouse gases after improvements in transportation
(Thousand tonnes per year)
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Iran does not contribute to global warming as much as the industrialized nations, 
but has some major environmental problems in its major cities like Tehran. There are 
specific problems associated with Iran’s status as an oil producing country that should be 
addressed, for example, the pollution problems in the Persian Gulf
Energy conservation measures and use of electrical vehicles in Tehran can reduce 
adverse environmental effects. Regular servicing of Iran’s private cars, which tend to be 
older and produce more pollution, can reduce noxious emissions substantially. Further, 
electric buses and the installation of a subway system in Tehran as soon as possible would 
be a great help in reducing pollution in the city.
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Conclusions and Recommendations
This chapter will discuss the main conclusions and recommendations expressed in 
the body of this thesis. Most conclusions refer specifically to the Iranian case as the 
ultimate purpose of this thesis has been not only to review energy conservation; its purpose, 
need and measure, but to attempt to clarify Iran's need for energy management.
Recommendations have been divided in eight sections Section 10.1 holds the 
conclusions and recommendations stemming from the general overview presented in 
Chapters 1 through 4. The following sections summarize the conclusions and 
recommendations from the other chapters.
10.1 General Points : ~
•  Conservation of energy for Iran as an oil producing country can be seen in two 
different categories: energy producing and conversion sectors and energy 
consuming sectors.
Considering potential for energy efficiency, present technical and managerial 
background, and the possibility of achieving energy efficiency, the sectoral 
priorities in energy conservation are suggested below in order:
1. Energy sector
2. Industrial sector
3. Transportation sector
4. Residential and commercial sector
• For population growth of 3.2% and an annual increase in the gross national 
product of 10% and more, it would take around 13 years (from 1998) to reach a 
balance in the domestic oil consumption and the production of 3.5 Mbbl/day. 
For population growth of 2.3% and an annual increase in the gross national 
-product of 9% and more, it would take around 18 years (from 1998) to reach a 
point of balance in the domestic oil consumption and'the production of 3.5 
Mbbl/day.
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• One of the most important factors used to impose energy policies is to increase 
fiiel prices. Considering the oil producing countries' problems to do this, very 
carefijl economic and political studies should be carried out prior to any price 
increase. Public opinion should be prepared so that this is an acceptable policy.
• Gradually increasing energy prices will not affect the energy demand in the 
short term.
• The effect of income increase on consumption of energy is greater than the 
effect of price increase. For example, a one percent increase in the activity of 
society will lead to more energy consumption than is saved by a one percent 
increase in energy prices.
• Even though energy prices are very important, energy management and 
engineering is very important too. Because Iran is an oil producing country 
very little has been done on this subject already and, therefore, a great deal of 
work and effort into energy management should be initiated.
By looking at Iran's flow chart of energy for 1991, (see Fig. 2.1) it can be seen 
that losses in energy sectors are equivalent to 85.6 Mbbl oil. There is a great 
potential for energy saving here which is related to two separate bodies in Iran, 
the Ministry of Power and the Ministry of Petroleum. Conservation measures 
for these sectors need special attention and surveys. For example solving the 
problem o f burning flared gases not only is a positive step in conserving energy 
but it can be important from a global warming and environment point of view.
• In the energy consuming sectors, households and commercial consumption in 
1991 was 156 TJ, and 61% of electricity was used by this sector which is non­
productive. Any measure which could divert this trend and cause a better and 
more productive use of energy, can have a positive effect on the economy.
• Actions to be initiated by the government in the residential and commercial 
sector can be classified as follows:
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1. Policy decisions and regulations
2. Household appliances standardization and labeling
3. Demand-side management and load management
4. Information campaigns
5. Building codes
• There are two factories producing high efficiency lamps in Iran, but generally 
people are not aware of the benefits of these lamps. It is recommended that 
shops in Iran start using these lamps until the general public becomes 
familiarized with them, and begins using these lamps.
• The Ministry of Energy (i.e. Power) was established prior to establishing the 
Ministry of Petroleum, and the responsibility for energy planning was given to
this ministry. At the moment, the Ministry of Petroleum is very powerfiil 
and provides fuel for power plants too, and the cooperation between these two 
organizations seems difficult. Therefore, it is recommended that the supreme 
Council of Energy become more active and a Department of Energy under the 
supervision of the President takes care of energy-related matters such as 
planning, conservation, etc.
• General actions to be initiated by government to promote energy conservation 
can be classified as follows:
1. Seminars and short courses.
2. Establishing university courses to train energy managers.
3. Information campaigns.
4. Use of energy buses for energy audit in different industrial plants.
5. Energy saving competitions for management and workforce.
10.2 Recommendations for the Nationalized Industries Organization
• -Nearly 53% of energy consumption in the Nationalized Industries Organization
- is in the building and cement industries. Therefore, mere attention should be
paid to these industries.
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•  The maximum consumption of total energy is in winter with 30% consumption. 
Better use of building insulation and boilers, and double glazed windows can 
reduce this consumption.
• The managers in factories were asked to compare their energy used per unit of 
production with their knowledge of similar domestic and international factories. 
Nearly 46% of the factories did not reply to this question. This indicates that 
they really do not have a base for comparison.
• Nearly 92% of factories reported that they have been facing some kind of 
energy shortage. This is a very high percentage. The effects of this energy 
shortage can be in the form of damage to the machinery, reduction in quality of 
the products or in the loss of hours during which work has stopped because of 
energy shortage. It should be noted that power cuts have been reduced 
considerably in recent years. The majority of the factories have emergency 
generating sets and the main reason for this is because of previous electricity 
cuts in the country. There is not use of combined heat and power in these 
factories. It is recommended that the managers of the factories study and use 
combined heat and power.
• Only 60% of the factories have a load management office. It is recommended 
that all the factories have such an office.
# Only 12.3% of the factories have reported that their situations of repair and 
maintenance is very good, and 64% have reported good. Better repair and 
maintenance reduces energy consumption. Therefore, it is recommended more 
emphasis be placed on this work.
• Only 55% of the factories have power factor of more than 0.85. Therefore, 
there is room for improvement in this area.
• Only 52% of the factories calculate their electrical load factor, and only 46% of 
the factories replying had load factor greater than 65%. It is recommended that
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all the factories calculate their load factor and try to improve it as much as
possible.
• Nearly 42% of the factories reduce their demand during peak time, and 62% of 
the factories avoid heavy and sudden loads during the hours in which electricity 
consumption is high in the country. By training the managers in the factories, 
these numbers can improve.
• The idea of using waste energy recovery is not well known in Iranian factories. 
Waste heat recovery can save energy. Only 10% of the factories use heat 
recovery equipment. It is strongly recommended that all the factories get 
familiarized with the idea of waste heat recovery, and use it where appropriate.
• While the National Industries Organization provides a good case study group in 
terms of energy use and conservation potential in industry, it should be 
remembered that this group is under a degree of central control and is therefore 
susceptible to government regulations and concerns. Privately owned industries 
do not have the same degree of concern or pay the same amount of attention to 
the problems associated with energy waste. This is a problem that must be 
remedied.
• The World Bank expects that the implementation of no and low-cost 
conservation measures may reduce industrial energy consumption by 
approximately 20%. Therefore, energy saving methods such as good 
housekeeping are important and deserve more attention.
• The opportunity for large savings at a low cost suggests that it would be 
beneficial for these factories that consume a noticeable amount of energy to hire 
energy managers to coordinate energy saving activities.
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10.3 Recommendations for the Tehran Cement Factory
• The fuel intensity of the entire plant is estimated at 4.3 MJ/kg-cl, which is 
approximately 30% higher than the 3.3 MJ/kg-cl of the recent international 
level.
• The electricity intensity, 123.4 kWh/tonnne, is approximately 23% higher than 
the equivalent international level o f 100 kwh/toime.
• Modification of kiln No. 3 to NSP, replacement of kiln No. 4 cooler, 
improvement of operation of kiln No 6, and shut down of kilns No. 1, 2, and 5, 
needs US$ 53 099 000. The payback period for this investment will be 3.3 
years, with expected savings of US$ 15 979 000 per year.
• It is recommended that the Iranian cement industry study the use of organic 
industrial waste as a source of fuel. This not only saves energy, but reduces the 
environmental effects of the industrial waste.
It is recommended that the clinker grinding be studied and used in the cement 
industry in Iran. This can lead to energy saving.
Kiln insulation is an important factor in energy saving. It is recommended that 
the cement factories consider the use of new materials for kiln insulation.
Waste heat recovery is another important factor in energy conservation. The 
amount of energy which can be captured in waste heat recovery in the cement 
industry is noticeable, and the payback period is approximately 2 years. It is 
recommended that the cement industry in Iran consider the use of waste heat 
recovery.
Producing cement at lower temperatures and increasing sulphate levels can 
improve energy efficiency as well.
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10.4 Recommendations for the Ghazvin Glass Company
• Increasing the speed of the figured machine by 50%, reducing the excess air 
from 25% to 15%, increasing the speed of sheet machine by 20%, heavy 
insulation for furnaces number 2, 3, and 4, increasing the checker height and 
stopping the compressor leakage. These changes would all be instrumental in 
decreasing energy consumption.
• The estimated investment to complete all of these changes is 7.5 million dollars, 
but the total savings resulting from this investment will be approximately 1 4 
million dollars per year, with an approximate payback period of 6 months. The 
justifications for these changes is therefore evident.
• It is recommended that glass factories switch from air fired furnaces to oxy-fuel 
fired furnaces. This conversion can realize an energy saving of 10 to 20%.
• Furnace control technology can be applied to save energy on both the furnaces 
and the forehearth. Therefore, use of furnace control technology is 
recommended.
• Waste materials from the iron industry can be incorporated into raw materials 
used in glass making, not only to save energy, but also to improve the quality of 
the finished product. In the case of Iran, which has a number of iron making 
plants, it is therefore highly recommended that this technique be employed
• Forehearth heating is responsible for 6 to 12% of a glass factory's energy 
consumption. Insulation and a switch to electrical heating can reduce that 
consumption. It is therefore recommended that further study be done on 
forehearth insulation methods as well as on conversions to electric heating.
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• Other energy saving methods that should be investigated for application in the
glass industry include harnessing waste heat from regenerative furnaces to heat 
air and using waste gases to pre-heat cullet before it is melted.
10.5 Recommendations for Transportation
• 93% of all transportation energy consumed in Iran is from road transport. 
Therefore, in allocating limited funds towards energy conservation strategies, 
the larger share should go to reducing energy consumption in that area.
• It is estimated that 35% of final energy in Iran is consumed in road 
transportation (approximately 14 000 toe). By following the recommendations 
below, it is estimated that the energy consumed can be reduced by 21.5 million 
barrels of oil producing a monetary savings of $431 million annually. The 
energy used by the 4 identified forms of road transport can be reduced by;
-30% for light cars (12.7 million barrels/year)
-16% for motorcycles (364,500 barrels/year)
-13% for vans (1.15 million barrels/year)
-15% for buses and trucks (7.35 million barrels/year)
• Many advances have been made in the creation of fuel efficient vehicles. 
Technology has been developed to create cars that conserve the energy that 
heretofore has been lost in exhaust, cylinder cooling, air pumping, piston ring- 
cylinder friction, transmission, axles, braking, tyres, and due to aerodynamic 
drag, among other things. Unfortunately, low fuel costs have ensured that most 
private cars in Iran do not employ this new fiiel efficient technology. Even 
newly manufactured vehicles are based on older models from other countries 
that do not have an eye to conservation.
• The recommendations to solve this problem are twofold; one, Iran should seek 
OuC a partnership with a well established foreign car company and engage in the
~ manufacture of a newer, more fuel efficient automobile. It would be 
advantageous if this could be an active "buyback" partnership that could add to
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Iranian industrial growth, pvo, important regulations should be imposed on
cars brought into the country to see that they meet certain standards of fiiel 
efficiency.
• Another option is the development of hybrid vehicles, as are now seen in some 
areas of the world with low vehicle emission standards, such as California. The 
development of wholly or partially electric vehicles could be very important for 
Iran in the future for environmental as well as economic reasons.
• It is recommended that municipalities study and employ strategies to ease urban 
traffic flows. These strategies include better traffic signal control, intransit 
traffic deviation, and city center partitioning, as well as the introduction of toll- 
roads, parking management, more pedestrian facilities and the encouragement 
of car pooling. Developing countries like Iran should take tips on urban traffic 
management from developed countries and also from star examples of urban 
traffic management in developing countries such as Singapore.
• Better roadway management and decreased speed limits are severely needed in 
Iran, not only to lower energy consumption but also for other reasons. Better 
road quality and lower speed limits can be shown to reduce roadway fatalities. 
Studies have shown that the death rate per 10 000 car accidents in England is 6, 
whereas in Iran it is 53. Therefore, better management is needed not only to 
save energy but also to save lives.
In terms of road freight transportation, there are approximately 138 000 freight 
vehicles on Iranian roads. However, most consistently operate below their 
potential capacity, carrying 4 times less than their Western counterparts. This 
problem stems entirely from poor management and steps should be taken to 
ensure that, whenever possible, trucks are not travelling empty.
• Another energy waster in Iranian freight transport is the fact that all imported 
-goods travel from their points of entry into Iran, to Tehran, and are then 
-  distributed to their final destination. This means that many products delivered 
to southern parts and destined for southern locations retrace their long paths
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before arrival at their destination. It is recommended that this waste of energy
be eliminated.
• Rail transport in Iran consumes only 1.2% of the energy consumed by the 
transportation sector, yet handles more than 10% of all freight traffic in Iran. It 
is therefore recommended that this sector be expanded and more passengers and 
freight be transported by this method.
• While Iranian air transport has enjoyed relatively high traffic it is relatively 
weak with regards to load factor. The average load factor of an Iranian flight is 
significantly less than any of its foreign counterpart competitors. This poor 
performance is due to a lack of co-ordination between Iran Air flights and 
European connections, poor passenger service and frequent delays — all 
problems which could be corrected with proper management strategies.
10.6 Recommendations for Mining
• During the First Five Year Plan the number of mines in Iran increased from 
1400 to 2328. Before the implementation of this plan the mineral sector 
contributed only 1% to Iran's GNP. It is estimated that by the end of the Second 
Five Year Plan the mineral sector will grow to account for 10% of the GNP. 
This growth in mining will quite obviously mean an increase in the energy 
demand of that sector. Therefore, energy conservation techniques in mining 
should be studied in an effort to implement energy saving procedures. The new 
growth of mining offers Iran the unique opportunity to establish a network of 
energy efficient mines at the outset, as opposed to concentrating all effort on 
overhauling established mines to make them more energy efficient.
• The majority of mines in Iran are open pit mines. Therefore, more emphasis 
should be placed on energy saving techniques specific to open pit mining. 
These techniques tie into those already discussed in the transportation section,
-as much of the energy used in open pit mining is consumed in transporting ore 
and waste. Specifically, haul trucks in Iran tend to be smaller than those in
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developed nations. By increasing the tonnage of haul trucks used at Iranian
mines a significant energy saving can be realized.
• Currently, Iranian mines do not record their energy consumption. This makes 
specific energy audits impossible. It is therefore recommended that Iranian 
mines establish programmes to record their energy consumption as well as the 
methods of energy generation that they are using: electric power vs. oil and gas.
• Studies done in the Canadian mining industry have shown that among 
underground mines in Quebec, approximately 20% of the cost of operating a 
mine goes to the purchase of energy, half to electricity, half to oil and gas. It is 
estimated that energy saving technology can cut these costs by up to 20% in 
terms of electricity and 40% in terms of oil and gas. Common sense suggests 
that the potential for savings is higher in Iranian mines, as they have 
traditionally been less concerned about energy saving than their Western 
counterparts.
• Important areas with the potential for energy saving are rock fragmentation, 
ground support, hauling, hoisting, ventilation, and mine heating and cooling. To 
fully understand possible energy saving these topics should be studied.
10.7 Energy and Employment
• There are three factors that affect the real purchasing power of Iran's oil 
revenues. They are the price of oil, the exchange rate, and inflation.
• Between 1970 and 1994 Iran sold over 345 billion dollars worth of oil but after 
the U.S. exchange rate adjustment this revenue was reduced to just over 284 
billion dollars.
• International inflation also reduces Iran's actual revenues from oil. Between 
-1970 and 1994 the total oil revenue of over 345 billion dollars was reduced to
“ under 189 billion dollars due to the effects of inflation. —
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•  The cumulative effect of the two above mentioned factors should not be
underestimated.
In 1974, oil revenues were responsible for 45.4% of Iran's GDP. This share fell 
to 8.1% of the GDP in 1991 but had recovered slightly to 18.5% in 1994.
In 1989, oil and gas exports provided 92% of Iran's foreign currency income. 
This percentage fell to 74.4% in 1994.
It is evident from the above figures that Iran's economic dependency on oil 
revenues is becoming strained. Oil revenues have been proven to be 
undependable. Therefore, those revenues, which have been used to create jobs 
cannot be relied upon to create future employment. Therefore, new 
employment strategies should be examined. Energy conservation is one of the 
fields which can create employment.
Non-oil exports provided 8% of Iran's foreign currency in 1989. In 1994 this 
rose to 23.6%. This is an important improvement and should be encouraged as 
non-oil exports can make a contribution to creating employment.
Half of the population of Iran is under the age of 20. In the near future this 
enormous segment of the population will require the amenities of life. In order 
that they may have them Iran must provide viable employment.
When the production of oil in Iran equals the domestic demand, Iran will lose a 
major part of its foreign currency inflow. If Iran does not prepare for this rapidly 
approaching situation, there will be a major economic disaster. Therefore, it is 
integral that the authorities act now to investigate other forms o f revenue and 
employment.
The capital investment per employee in the petroleum industry is approximately 
- i0 8  000 dollars, while in the service industry the capital investment per 
employees is under 10 000 dollars.
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• The energy industry is highly capital intensive, and therefore, does not create as
many jobs as other sectors. Therefore, it is recommended that Iran seek 
partnership with international companies to finance the energy industry, while 
retaining its own capital to invest in other sectors, thereby using its precious 
capital to create the most possible employment.
• Studies have shown that for a fixed investment that would create 6 jobs in 
electric utilities and 7 jobs in the petroleum industry, 45 jobs can be created in 
energy conservation. Therefore, in light of Iran's particular situation, it is 
strongly recommended that energy conservation industries be studied and 
encouraged.
• Understandibly, the employment created in energy conservation will cause the 
loss of some employment in the energy industry. However, the number of jobs 
created will outnumber those lost so the balance of employment will always be 
positive.
• Some developed countries have performed studies on the effects of zero energy 
growth on their economies. It is recommended that Iran perform similar studies.
10.8 Recommendations for the Environment
• Iran has serious environmental problems in its major cities. Energy 
conservation measures can begin to alleviate these problems.
• Nearly 40% of all of the vehicles in Iran are in Tehran, as is 40% of Iranian 
industry. Energy use in these vehicles and by these industries has led to serious 
pollution problems in that city. Therefore, special attention should be paid to 
energy conservation measures in Tehran.
• Three quarters of the vehicles in Tehran have been on the road for more than 12 
years. Vehicles built between 1961 and 1970 produce 11 times more CO and 4
-times more unburned hydrocarbons than those build post-1970. With proper
‘ servicing these emissions can be reduced to 4.5 and dr.9 times, respectively,
therefore, regular servicing of all vehicles in Iran is recommended.
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• The inspection of cars in Iran is limited to those cars which have permits to 
access restricted high-traffic areas of Tehran. The scope of these inspections 
should be broadened to include all private vehicles in Tehran.
• It is expected that the number of private car trips in Tehran is going to increase 
by 40% between 1996 and 2005 and that the average length of a car trip will 
increase from 20 minutes in 1996 to 35 minutes in 2015. This will seriously 
increase energy consumption and environmental pollution. Therefore, strategies 
should be developed to deal with this friture situation.
• Authorities in Tehran have developed a strategy to address the aforementioned 
increase in emissions and energy use from vehicles in Tehran, This strategy 
seeks to improve fuel quality, vehicle design, public transportation facilities as 
well as to increase fuel prices and parking fees, all in an effort to discourage the 
needless use of private vehicles. This strategy is commendable and should be 
frilly implemented and it is recommended that further such plans be produced.
• There are funds available in the Global Environmental Facility of the United 
Nations to be used for environmental purposes. It is recommended that Iran try 
to absorb some of these funds to use for energy conservation measures which 
will, in turn, lead to a cleaner environment.
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In sum, energy conservation can extend the life of 
Iran’s dwindling oil resources, and reduced domestic 
consumption will ensure that oil for export remains 
available. It can also reduce the need for refined fuel 
imports. Energy conservation techniques can be shown to 
save lives by better traffic management and lower speed 
limits as well as by reducing pollution from vehicles and 
industry. Perhaps most importantly, energy conservation 
industries can create employment, which will be of 
paramount importance in Iran’s near future.
When these factors are coupled with the fact that in less 
than two decades oil production and domestic oil demand in 
Iran will meet, it is clear that energy conservation is an 
essential policy for Iran to employ for its short and mid-term 
needs and future work in energy conservation is strongly 
recommended.
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Appendix A A l
Comparison of Shamsee Calendar to Christian Calendar
Ch S Ch S Ch S Ch S
1925 1304 1950 1329 1975 1354 2000 1379
1926 1305 1951 1330 1976 1355 2001 1380
1927 1306 1952 1331 1977 1356 2002 1381
1928 1307 1953 1332 1978 1357 2003 1382
1929 1308 1954 1333 1979 1358 2004 1383
1930 1309 1955 1334 1980 1359 2005 1384
1931 1310 1956 1335 1981 1360 2006 1385
1932 1311 1957 1336 1982 1361 2007 1386
1933 1312 1958 1337 1983 1362 2008 1387
1934 1313 1959 1338 1984 1363 2009 1388
1935 1314 1960 1339 1985 1364 2010 1389
1936 1315 1961 1340 1986 1365 2011 1390
1937 1316 1962 1341 1987 1366 2012 1391
1938 1317 1963 1342 1988 1367 2013 1392
1939 1318 1964 1343 1989 1368 2014 1393
1940 1319 1965 1344 1990 1369 2015 1394
1941 1320 1966 1345 1991 1370 2016 1395
1942 1321 1967 1346 1992 1371 2017 1396
1943 1322 1968 1347 1993 1372 2018 1397
1944 1323 1969 1348 1994 1373 2019 1398
1945 1324 1970 1349 1995 1374 2020 1399
1946 1325 1971 1350 1996 1375 2021 1400
1947 1326 1972 1351 1997 1376 2022 1401
1948 1327 1973 1352 1998 1377 "2023 1402
1949 1328 1974 1353 1999 1378 2024 1403
Table A.A.1: Comparison of Shamsee Calendar to Christian Calendar 
(Ch = Christian, S = Shamsee)
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Economic and Energy Data for Iran 
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Appendix B B2
Table A.B.1: Vehicle data for Iran.
obs Cl 02 03 04 05 06 OGOL CGSLH
1340 U U HA HA HA HA HA HA1341 U U HA HA HA HA HA HA1342 u HA . HA HA HA HA HA HA1343 u HA HA HA HA HA HA HA1344 u HA HA HA HA HA HA HA1345 u HA HA HA HA HA HA HA1346 12183.00 1288.000 995.0000 2460.000 2193.000 4226.000 4743.000 18602.001347 23018.00 1584.000 1419.000 3070.000 2340.000 7903.000 10816.00 51863.001348 27338.00 1134.000 1796.000 3461.000 3359.000 6038.000 17207.00 88598.001349 28271.00 1357.000 2640.000 3235.000 3249.000 9879.000 24439.00 129997.01350 36771.00 1131.000 1522.000 3150.000 4263.000 9772.000 30242.00 180803.01351 45929.00 1152.000 2021.000 3802.000 6121.000 12704,00 37217,00 245557.01352 44485.00 1827.000 4659.000 6893.000 5582.000 16889.00 50596.00 312513.01353 70994.00 1530.000 3367.000 8752.000 7313.000 22419.00 64245.00 413239.01354 101902.0 1483.000 3087.000 15853.00 8711.000 36065.00 84668.00 559917.01355 116348.0 1964.000 5465.000 16015.00 7925.000 51986.00 108112.0 736176.01356 147803.0 1804.000 5658.000 13088.00 9184.000 53422.00 128662.0 946585.01357 121690.0 1343.000 2492.000 9155.000 10277.00 45392.00 141652.0 1123944.1358 78051.00 989.0000 1978.000 4203.000 5540.000 17141.00 148822.0 1224676.1359 72382.00 1083.000 2085.000 6072.000 3165.000 12536.00 158062.0 1312759.1360 65157.00 1383.000 2489.000 6897.000 6821.000 27534.00 168831.0 1412271.1361 50526.00 1244.000 3697.000 8729.000 9513.000 34146.00 182501.0 1506456.1362 55420.00 1443.000 7160.000 12552.00 9993.000 74095.00 203656.0 1645964.1363 59021.00 2915.000 3604.000 15553.00 17424.00 77874.00 225728.0 1800283.1364 29285.00 1639.000 6652.000 15612.00 8799.000 52686.00 249631.0 1891053.1365 24394.00 783.0000 2827.000 6121.000 4601.000 34148.00 259362.0 1954196.1366 15183.00 311.0000 1716.000 4157.000 7829.000 13309.00 265546.0 1990517.1367 15044.00 866.0000 1649.000 2619.000 4334.000 6987.000 270680.0 2016882.1368 10112.00 547.0000 2263.000 2160.000 4628.000 6138.000 275650.0 2037760.1369 16413.00 1074.000 1897.000 6276.000 4908.000 15787.00 284897.0 2074868.1370 43398.00 2521.000 6757.000 9408.000 4556.000 23860.00 303583.0 2146682.
Cl = Number of Automobiles using Gasoline.
C2 - Number of Buses using Gasoil.
03 = Number of Mini Buses using Gasoil.
04 = Number of Trucks and Bunkers using Gasoil.
05 = Number of Jeeps and Station Wagons using Gasoline.
06 = Number of Vans and others for transportation of goods(and Motorcycles) using Gasoline.
OGOL = Total Vehicles using Gasoil. 
OGSL%_= Total Vehicles using Gasoline
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Table AJB.2: Consumers number in different sectors using electricity.
obs CONAG COHC COHIH COHOTH COKR CORTO CPI DLKEX6AS
1340 NA HA HA HA HA HA 16.90000 HA1341 HA HA HA HA HA HA 17.10000 HA
1342 HA HA • HA HA HA NA 17.20000 NA
1343 HA HA HA .HA HA HA 18.00000 HA1344 HA HA HA HA HA HA 18.00000 NA
1345 HA HA HA HA HA NA 18.20000 HA
1346 1.000000 175.0000 5.000000 7.000000 610.0000 798.0000 18.30000 HA
1347 1.000000 221.0000 6.000000 7.000000 774.0000’ 1009.000 18.60000 0.000000
1348 1.000000 255.0000 6.000000 6.000000 910.0000 1178.000 19.30000 0.0000001349 2.000000 278.0000 6.000000 4.000000 1089.000 1379.000 19.50000 0.000000
1350 2.000000 306.0000 7.000000 6.000000 1195.000 1516.000 20.60000 0.000000
1351 2.000000 334.0000 9.000000 6.009000 1318.000 1669.000 21.90000 0.200000
1352 3.000000 366.0000 9.000000 7.000000 1510.000 1895.000 24.40000 0.1965811353 3.000000 400.0000 8.000000 7.000000 1714.000 2132.000 28.20000 0.182143
1354 3.000000 442.0000 10.90000 8.000000 1953.000 2416.000 31.00000 -0.410876
1355 4.000000 495.0000 8.900000 9.900000 2275.000 2791.000 36.10000 -0.540513
1355 4.000000 525.0000 13.00000 10.00000 2553.000 3105.000 45.10000 -0.5252401357 4.000000 546.0000 12.00000 9.900000 2828.000 3399.000 49.60000 -0.063291
1358 4.000000 594.0000 13.00000 10.00000 3208.900 3829.000 55.20000 -0.530771
1355 6.900000 663.0000 14.00000 11.00000 3642.000 4336.000 68.20000 -0.461192
1360 8.000000 762.0000 16.90000 13.00000 4189.000 4988.000 32.90000 -0.463569
1361 10.00000 842.0000 8.000000 18.00000 4724.000 5602.000 100.0000 -0.077800
1362 13.00000 914.0000 8.000000 21.00000 5182.000 6138.000 114.8000 0.035395
1363 17.00000 975.0000 9.000000 24.00000 5652.000 6677.000 126.7000 -0.222859
1364 19.00000 1071.000 19.00000 28.00000 6182.000 7310.000 135.4000 0.038454
1365 19.00000 1111.000 11.00000 31.00000 6590.000 7762.000 167.5000 -0.167517
1366 20.00000 1206.000 11.00000 36.00000 6919.000 8192.000 213.9000 0.564947
1367 21.00000 1269.000 7.000000 46.90000 7483.000 8826.000 2/5.7000 0.011038
1368 23.00000 1327.000 6.000000 41.00000 7941.000 9338.000 323.8000 0.173649
1369 25.00000 1364.000 7.000000 52.00000 3193.000 9641.000 352.8000 -0.238166
1370 27.00000 1452.000 7.000000 55.00000 8549.000 10090.00 421.9000 -0.268112
CONAG = Consumers number in Agricultural sector using electricity (x thousand)
CONG = Consumers number in Commercial sector using electricity (x thousand)
CONIN - Consumers number in Industrial sector using electricity (x thousand)
CONOTH = Consumers number in Other sectors using electricity (x thousand)
CONE = Consumers number in Residential sector using electricity (x thousand)
CONTO = Total number of consumers using electricity (x thousand)
CPI = Consumer price index in the base price of 1982.
DLKERGAS = Differential Logarithm of the ratio of Kerosine to natural gas consumption.
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Table A.B.3: Total oil demand and fuel oil consumption.
obs DOILC DOILC DOILC FOIL FOILIN FOILOTH FOILPO
1340 NA NA NA 1222.000 455.2439 96.85574 491.5862
1341 NA NA NA 1259.000 469.0279 99.78833 506.4705
1342 NA NA NA 1268.000 472.3807 100.5017 510.0910
1343 NA NA NA 1507.000 561.4178 119.4448 606.23601344 NA NA NA 1712.000 637,7885 135.6931 688.7034
1345 NA NA NA 1979.000 737.2567 156.8556 796.1121
1346 54.50000 54.50000 54.50000 2238.000 833.7445 177.3839 900.30261347 63.59998 63.59998 63.59998 2577.000 960.0356 204.2531 1036.676
1348 73.00000 73.00000 73.00000 2820.000 1050.563 223.5133 1134.430
1349 66.00000 66.00000 66.00000 3146.000 1172.011 249.3519 1265.5731350 86.40002 86.40002 86.40002 3319.000 1236.460 263.0640 1335.1671351 91.09998 91.09998 91.09998 3378.000 1258.440 267.7403 1358.902
1352 111.2001 111.2001 111.2001 4024.000 1499.101 318.9422 1618.7751353 129.3999 129.3999 129,3999 4429.000 1649.980 351.0426 1781.6981354 154.9000 154.9000 154.9000 5140.000 1914.856 407.3964 2067.719
1355 172.2000 172.2000 172.2000 5778.000 2152.536 457.9644 2324.374
1356 201.3000 201.3000 201.3000 6338.000 2361.158 502.3500 2549.651
1357 218.3000 218.3000 218.3000 6169.000 2298,199 488.9550 2481.665
1358 218.9001 218.9001 218.9001 6517.000 2427.843 516.5374 2621.659
1359 216.4000 216.4000 216.4000 7675.000 2859.244 608.3206 3087.4991360 207.3000 207.3000 207.3000 8618.000 3210.550 683.0625 3466.849
1361 222.2000 222.2000 222.2000 8828.000 3288.783 699.7072 3551.3281362 283.4000 283.4000 283.4000 10190.00 3796.183 807.6592 4099.233
1363 291.9000 291.9000 291.9000 11458.00 4268.563 908.1609 4609.324
1364 352.9000 352.9000 352.9000 12024.00 4479.421 953.0223 4837.0151365 289.5000 289.5000 289.5000 12386.00 4614.280 981.7145 4982.640
1366 328.2000 328.2000 328.2000 11600.00 4321.464 919.4159 4666.448
1367 318.9000 318.9000 318.9000 11920.00 4440.677 944.7791 4795.178
1368 358.2000 358.2000 358.2000 12435.00 4632.535 985.5985 5002.352
1369 330.4999 330.4999 330.4999 12459.00 4641.476 987.5002 5012.006
1370 343.3000 343.3000 343.3000 12806.75 4771.027 1015.063 5151.899
DOILC = Total oil demand per year (million barrels)
3FOIL = Fuel oil consumption (thousand m )
3FOLIN = Fuel oil consumption in Industry (thousand m )
3FOILOTH = Fuel oil consumption in Others (thousand m ) 3FOILPO = Fuel oil consumption in Power Generation (thousand m )
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Table A.B.4: Fuel oil and gasoil consumption and government expenditure.
obs FOILRC GASOILAG GASOILIN GASOILPO GASOILTR GASOTH GCC61
1340 178.3142 216.5292 95.76288 45.09672 424.0646 67.02023 93.59000
1341 183.7133 238.3141 105.3976 49.63389 466.7297 73.76314 97.44000
1342 185.0266 254.8179 112.6966 53.07114 499.0517 78.87140 110.6200
1343 219.9014 296.8474 131.2847 61.82467 581.3651 91.88038 135.8700
1344 249.8150 350.5396 155.0308 73.00719 686.5193 108.4992 179.7800
1345 288.7757 413.9141 183.0589 86.20623 810.6357 128.1149 203.3900
1346 326.5690 480.8093 212.6442 100.1385 941.6476 148.8203 232.7600
1347 376.0358 542.8633 240.0884 113.0626 1063.178 168.0274 274.4800
1348 411.4944 584.0127 258.2873 121.6328 1143.768 180.7639 329.1000
1349 459.0643 663.6708 293.5171 138.2233 1299.775 205.4198 385.6400
1350 484.3085 740.2482 327.3845 154.1721 1449.749 229.1220 517.3900
1351 492.9178 802.7424 355.0233 167.1878 1572.142 248.4653 666.1600
1352 587.1821 995.0661 440.0811 207.2433 1948.801 307.9934 859.4000
1353 646.2797 1114.993 493.1205 232.2206 2183.674 345.1133 1756.400
1354 750.0288 1352.867 598.3234 281.7628 2649.542 418.7403 2145.900
1355 843.1257 1592.062 704.1102 331.5800 3117.996 492.7758 2379.400
1356 924.8409 1990.572 880.3568 414.5782 3898.464 616.1230 2307.100
1357 900.1805 2078.372 919.1874 432.8643 4070.417 643.2988 2346.900
1358 950.9606 2070.230 915.5865 431.1686 4054.472 640.7789 2177.300
1359 1119.936 2036.783 900.7939 424.2025 3988.966 630.4260 1968.400
1360 1257.539 2207.542 976.3143 459.7666 4323.391 683.279? 1947.900
1361 1288.182 2544.438 1125.311 529.9323 4983.190 787.5558 1910.100
1362 1486.925 3045.052 1346.714 634.1956 5963.625 942.5061 1930.100
1363 1671.951 3299.650 1459.313 687.2208 6462.245 1021.310 1810.800
1364 1754.542 3841.633 1699.013 800.1002 7523.700 1189.064 1898.100
1365 1807.365 3576.913 1581.937 744.9667 7005.255 1107.128 1507.-600
1366 1692.672 3886.303 1718.769 809.4036 7611.185 1202.891 1402.800
1367 1739.366 3838.552 1697.650 799.4585 7517.666 1188.111 1396.100
1368 1814.515 3909.188 1728.890 814.1699 7656.004 1209.974 1189.400
1369 1818.017 4166.207 1842.560 867.6994 8159.366 1289.527 1336.600
1370 1868.761 4424.972 1957.002 921.5927 8666.148 1369.620 1402.100
FOILRC = Consumption of fuel oil in Residential & Commercial Sector 
GASOILAG = Consumption of Gasoil in Argicultural sector.
GASOILIN = Consumption of Gasoil in Industrial sector.
GASOILPO = Consumption of Gasoil in Power Generation sector.
GASOILTR = Consumption of Gasoil in Transportation Sector.
GASOTH = Consumption of Gasoil in Others.
GCC61 = Current Government expenditure based on 1982 price.
(10 Rials)
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' Table A.B.5: Gross domestic product and gasoline consumption.
obs GDP61 GDPF6 6DPN61 GDPN061 GNP61 GSLN GSLNAG 6SLN0ÎB
1340 981.0400 NA 1044.200 774.1000 1013.200 644.0000 4.553080 20.311791341 1039.200 NA 1104.300 810.7000 1066.700 664.0000 4.694480 20.942541342 1079.600 NA 1152.100 837.3000 1108.800 702.0000 4.963140 22.141111343 1182.800 NA 1259.100 910.6000 1209.800 740.0000 5.231800 23.339611344 1335.200 NA 1424.000 1024.200 1356.200 714.0000 5.047980 22.519591345 1453.400 NA 1565.000 1104.900 1502.600 800.0000 5.656000 25.232001346 1614.500 NA 1736.500 1218.000 1665.600 854.0000 6.037780 26.935181347 1810.000 NA 1952.700 1355.900 1854.300 943.0000 6.667010 29.74223
1348 2010.300 NA 2173.500 1483.400 2059.000 1068.000 7.550760 33.684721349 2332.000 NA 2413.100 1623.000 2279.000 1227.000 8.674890 38.699621350 2823.900 NA 3031.300 1955.600 2875.300 1413.000 9.989910 44.566001351 3536.600 NA 3780.200 2455.200 3673.200 1598.000 11.29786 50.40087
1352 5251.800 NA 5517.600 3093.400 5384.500 1928.000 13.63096 60.809101353 9342.700 9342.700 9465.800 4516.700 9394.500 2323.000 16.42361 73.267301354 9227.800 9227.800 9437.000 4978.000 9269.100 2952.000 20.87064 93.106171355 11254.30 11254.30 11525.70 6473.200 11353.20 3738.000 26.42766 117.89661356 11183.80 11483.80 11587.50 6775.500 11328.70 4620.000 32.66340 145.7150
1357 10070.80 10070.80 10419.60 6926.800 9925.500 5028.000 35.54796 158.58291358 10543.10 10543.10 10551.30 8007.900 10574.10 5713.000 40.39091 180.1882
1359 9323.100 9323.100 9555.500 8457.000 9559.600 4796.000 33.90772 151.26561360 9175.200 9175.200 9320.700 8292.600 9345.700 4430.000 31.32010 139.7224
1361 10335.40 10335.40 10539.80 8387.700 10539.80 4537.000 32.07659 143.09671362 11536.70 11536.70 11934.70 9530.400 11939.00 5961.000 42.14427 188.01001363 11587.10 11587.10 12043.80 9961.500 12047.80 6610.000 46.73270 208.4792
1364 11607.40 11607.40 12072.30 9963.000 12057.60 7201.000 50.91107 227.1197
1365 9861.700 9861.700 10248.90 8458.700 10250.70 6738.000 47.63766 212.5166
1366 10019.80 10019.80 10368.10 8421.100 10359.20 7190.000 50.83330 226.77271367 9234.300 9234.300 9468.000 7480.300 9451.100 7165.000 50.65655 215.98411368 9514.600 9514.600 9781.500 7625,100 9797.000 7660.000 54.15620 241.59621369 10664.90 10664.90 10930.20 8400.200 10997.50 8279.000 58.53253 261.1198
1370 11824.80 11824.80 12181.20 9308,100 12377.90 8966.590 63.39379 282.8064
GDP61 = Gross domestic product, base 1982 prices (x 10 Rials).
GDPF6 = Gross domestic product based on factor price 1982.
( X lO^Rials)
GDPM61 = Gross domestic product based on market price 1982.
(x 10^ Rials)
GDPW061 - Gross domestic product without oil, base 1982 prices.
(x 10^ Rials)
GNP61 = Gross national product, 1982 (x 10^ Rials).
GSLN = Gasoline consumption in Iran (thousand m ). 3GSLNAG = Gasoline consumption in Agricultural sector (thousand m )
3GSLNOTH = Gasoline consumption in Others (thousand m ).
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Table'A.B.6: Gasoline, gasoil, kerosine consumption and number of households.
oils GSLNTR GSOIL BOOS IRAGE IRAGGO IRAGGS IRAGIER IRAGP
1340 519.1351 984.0000 4488800. NA 1.340316 0.025156 0.371608 NA
1341 638.3630 1083.000 4616800. NA 1.475165 0.025937 0.395954 NA
1342 674.8958 1158.000 4747800. NA 1.577323 0.027421 0.425371 NA
1343 711.4286 1349.000 4881600. NA 1.837486 0.028906 0.485559 NA
1344 686.4324 1593.000 5018200. NA 2.169840 0.027890 0.497056 NA
1345 769.1120 1881.000 5157800. NA 2.562128 0.031249 0.517344 NA
1346 821.0270 2185.000 5300200. 0.019404 2.976209 0.033359 0.611345 3.100000
1347 906.5908 2467.000 5445600. 0.028812 3.360324 0.036835 0.672885 3.700000
1348 1026.765 2654.000 5594000. 0.046452 3.515039 0.041718 0.789879 2.600000
1349 1179.625 3016.000 5745400. 0.053508 4.108122 0.047929 0.774325 2.900000
1350 1358.444 3364.000 5899800. 0.071148 4.582136 0.055194 0.850067 3.200000
1351 1536.301 3648.000 6057200. 0.082908 4.968976 0.062421 1.047875 3.900000
1352 1353.560 4522.000 6217800. 0.125244 6.159459 0.075311 1.096904 5.800000
1353 2233.309 5067.000 6390200. 0.156996 6.901809 0.090740 0.942377 6.100000
1354 2838.023 6148.000 6563600. 0.194040 8.374249 0.115310 1.460059 7.700000
1355 3593.676 7235.000 6741800. 0.213148 9.854862 0.146013 1.741386 9.100000
1356 4141.622 9046.000 6947200. 0.250488 12.32164 0.180465 2.007158 12.00000
1357 4833.869 9445.000 7215400. 0.259308 12.86512 0.196402 2.003439 10.80090
1358 5492.421 9408.000 7598200. 0,304584 12.81473 0.223160 2.485617 11.40000
1359 ■4610.827 9256.000 7929200. 0.408660 12.60769 0.187340 1.924654 11.90000
1360 1258.958 10032.00 8244200. 9.513324 13.66468 0.173044 1.735299 13.29000
1361 4361.827 11563.00 8560000. 0.680904 15.75007 0.177223 2.060921 17.00000
1362 5730.846 13838.00 8887600. 0.393172 18.84887 0.232847 2.683424 20.30000
1363 6354.788 14995.00 9240200. 1.086624 20.42483 0.258198 2.622561 21,40000
1364 5922.969 17458.00 9561400. 1.434132 23.77971 0.281284 2.860606 24.40000
1365 6477.846 16255.00 9872600. 1.270080 22.14109 0.263198 2.027784 23.20000
1366 6912.394 17661.00 10199000 1.598220 24.05622 0.280854 2.538703 26.30000
1367 6888.359 17444.00 10534400 1.732836 23.76064 0.27987? 2.505904 26.00000
1368 7364.248 17765.00 10900800 1.970976 24.19788 0.299213 2.980305 27.60000
1369 7959.348 18933.00 11280200 2.185008 25.78882 0.323392 2.816987 29.20000
1370 8620.390 20108.94 11652400 2.229696 27.39058 0.350251 2.958714 31.50000
GSLNTR = Gasoline consumption in transportation (thousand m ).
GSOIL = Total consumption of Gasoil in Iran (thousand m ).
HOUS = Number of Householdes in Iran,
IRAGE = Electricity consumption in Agricultural sector (MBOE). 
IRAGGO = Gasoil consumption in Agricultural sector (MBOE).
IRAGGS = Gasoline consumption in Agricultural sector (MBOE).
IRAGKER = Kerosine consumption in Agricultural sector (MBOE).
IRAGP = Petroleum product consumption in Agricultural sector (MBOE)
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Table A.B.7: Energy demand in agricultural and industrial sectors.
obs IRAGTO IRINCO IRINE IRINFO IRING IRINGO IRINKER IRINLG
1340 NA NA NA 2.959996 NA 0.592772 0.165803 0.0016661341 NA NA NA 3.049619 NA 0.652411 0.176666 0.0024991342 NA NA ■ NA 3.071419 NA 0.697592 0.189791 0.0031241343 NA NA NA 3.650338 NA 0.812652 0.216646 0.0049991344 NA NA NA 4.146901 NA 0.959640 0.221775 0.0064571345 NA NA NA 4.793643 NA 1.133135 0.230827 0.0095811346 3.100000 1.000000 0.296352 5.421007 0.200000 1.316268 0.272769 0.0145791347 3.700000 1.100000 0.385728 6.242151 0.300000 1.486147 0.300227 0.0216611348 2.700000 1.300000 0.537432 6.830760 0.400000 1.598798 0.352427 0.0308251349 3.000000 1.400000 0.839076 7.620414 0.500000 1.816871 0.345487 0.0418641350 3.300000 1.600000 1.196580 8.039465 0.600000 2.026510 0.379281 0.0529031351 4.000000 2.500000 1.614060 8.182378 1.600000 2.197595 0.467539 0.0664411352 5.900000 4.200000 2.380224 9.747154 3.700000 2.724102 0.489414 0.0822701353 6.300000 4.600000 2.940588 10.72817 4.500000 3.052416 0.420468 0.0993491354 7.900000 8.500000 3.108756 12.45039 5.300000 3.703622 0.651446 0.1195521355 9.300000 8.400000 3.278100 13.99579 6.900000 4.358442 0.776968 0.1472531356 13.00000 8.500000 3.467436 15.35225 6.100000 5.449408 0.895550 0.1826601357 11.10000 5.200000 3.422748 14.94289 3.000000 5.689770 0.893891 0.1855761358 11.70000 7.500000 3.592092 15.78584 1.400000 5.667481 1.109028 0.2151511359 12.30000 7.900000 2.786532 18.59081 3.300000 5.575914 0.858738 0.2041121360 13.70000 6.600000 3.719688 20.87499 5.800000 6.043385 0.774253 0.2049461361 17.70000 8.900000 3.815532 21.38367 9.600000 6.965676 0.919538 0.2249401362 21.20000 8.400000 4.585224 24.68278 10.00000 8.336161 1,197285 0.2951301363 22.50000 6.500000 5.075028 27.75420 11.10000 9.033150 1.170129 0.3359521364 25.90000 6.400000 5.194392 29.12519 9.400000 10.51689 1.276340 0.3913541365 24.50000 6.400000 5.117364 30.00205 7.500000 9.792188 0.904753 0.4061421366 27.80000 6.200000 4.614624 28.09816 15.50000 10.63918 1.132714 0.4067671367 27.80000 6.400000 4.616976 28.87328 15.50000 10.50845 1.118080 0.4365511368 29.60000 4.700000 4.978008 30.12074 28.20000 10.70183 1.329747 0.5007001369 31.40000 4.700000 6.009360 30.17888 35.00000 11.40544 1.256878 0.5261101370 33.80000 6.600000 6.254556 31.02122 43.60000 12.11384 1.320113 0.559366
IRAGTO = Total final energy demand in Agricultural sector (MBOE).
IRINCQ = Solid fuel consumption in industrial sector (MBOE).
IRINE = Electricity consumption in Industry (MBOE).
IRINFO = Consumption of fuel oil in Industrial sector (MBOE),
IRING = Consumption of natural gas in Industrial sector (MBOE).
IRINGO = Consumption of gasoil in Industrial sector (MBOE),
IRINKER = Consumption of kerosine in Industrial sector (MBOE).
IRINLG = Consumption of liquid petroleum gas in Industrial sector . .(MBOE).
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' Table A.B.8: Energy consumption in industrial and other sectors.
obs IRINP IRINTO IRXIE IRNIG IRNIP IRNONF IROTE IROTFO
1340 HA NA NA NA NA NA NA 3.826128
1341 NA NA NA NA NA NA NA 3.941977
1342 NA NA . NA NA NA NA NA 3.970156
1343 NA NA NA NA NA NA NA 4.7184741344 NA NA NA NA NA NA NA 5.360337
1345 NA NA NA NA NA NA NA 6.196324
1346 9.100000 15.30000 NA 0.500000 2.100000 4.500000 0.105840 7.007263
1347 11.10000 17.30000 0.000000 0.500000 2.300000 4.300000 0.148176 8.068586
1348 15.71600 22.11600 0.000000 0.500000 2.700000 4.200000 0.172284 8.829528
1349 18.30000 25.00000 0.000900 9.700000 2.800000 4.000000 0.171596 9.850245
1350 19.40000 26.50000 0.000000 11.40000 3.600000 3.800000 9.206388 10.39192
1351 21.90000 30.40000 0.900000 11.40000 3.600000 3.700000 0.216972 10.57665
1352 25.60000 36.80000 0.000000 11.60000 4.600000 3.700000 0.309875 12.59930
1353 27.40000 39.90000 0.000000 9.600000 5.500000 3.500000 0.298116 13.85737
1354 31.10000 44.60000 D.000000 9.500000 6.700000 3.400000 0.355152 16.09354
1355 35.40000 50.30000 0.000000 9.300000 8.500000 3.400000 0.311052 18.09114
1356 31.60000 51.60000 O.OOQOOQ 9.700000 10.10000 3.400000 8.362796 19.84452
1357 44.40000 55.70000 0.000000 9.190000 9.700000 3.500000 0.391508 19.31537
1358 44.20000 54.20000 0.000080 10.60000 9.400000 3.400000 0.479220 20.40498
1359 38.20000 49.90000 0.000000 4.200000 9.600000 3.500000 0.361032 24.03072
1360 40.50000 55.10000 0.000000 0.200000 11.70000 3.400000 0.280475 26.98329
1361 39.10000 62.90000 0.000000 0.200000 10.50000 3.600000 0.445116 27.64080
1362 50.40000 70.00000 0.000000 0.200000 13.00000 3.500000 0.805560 31.90528
1363 54.00000 75.20000 0.900000 0.200000 14.00000 3.500000 0.789684 35.87543
1364 57.70000 77.30000 0.000000 0.200000 15.50000 3.500000 0.769692 37.54750
1365 53.80000 71.40000 0.000000 0.200000 13.40000 3.500000 0.898454 38.78104
1366 46.60000 74.50000 0.000000 0.700000 16.00000 3.500000 0.857304 36.32004
1367 46.10000 74.20000 0.000000 1.300000 17.30000 3.300000 1.049580 37.32198
1368 47.70000 82.10000 0.000000 8.800000 11.90000 3.400000 0.870240 38.93446
1369 44.90000 93.30000 0.000000 18.70000 11.40000 3.200000 1.115436 39.00961
1370 46.50000 105.7000 NA NA NA 3.300000 1.181292 40.09842
I R I N P  =  T o t a l  p e t r o l e u m  p r o d u c t s  c o n s u m p t i o n  i n  I n d u s t r y  ( M B O E )  
I R I N T O  =  T o t a l  c o n s u m p t i o n  o f  e n e r g y  i n  I n d u s t r y  ( M B O E ) .
I R M I E  =  E l e c t r i c i t y  c o n s u m p t i o n  i n  O t h e r s  ( M B O E ) .
I R M I G  =  C o n s u m p t i o n  o f  g a s  i n  O t h e r s  ( M B O E ) .
I R M I P  =  C o n s u m p t i o n  o f  p e t r o l e u m  i n  O t h e r s  ( M B O E ) .
I R N O N F  =  N o n  c o m m e r c i a l  e n e r g y  u s e d  i n  I r a n  ( M B O E ) ,
I R O T E  =  C o n s u m p t i o n  o f  e l e c t r i c i t y  i n  O t h e r s  ( M B O E ) .
I R O T F O  = _ Ç o n s u m p t i o n  o f  f u e l  i n  O t h e r s  ( M B O E ) .
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Table A.B.9: Energy consumption in power plants, commercial & residential, 
and other sectors.
obs IROTGO IROTGS IROTKER IRPOE IRPOG IRPOP IRPOTO IRRCCO
1340 0.694126 0.112222 0.469918 NA NA NA NA NA1341 0.763962 0.115708 0.500704 NA NA NA NA NA1342 0.816868 0.122329 0.537904 NA NA NA NA NA1343 0.951601 0.128951 0.614014 NA NA NA NA NA1344 1.123722 0.124421 0.628552 NA NA NA NA NA1345 1.326881 0.139407 0.654208 NA NA NA NA NA1346 1.541326 0.148817 0.773077 1.000000 0.100000 2.900000 4.000000 4.500000134? 1.740252 0.164326 0.850897 1.300000 0.100000 3.300000 4.700000 4.300000
1348 1.872164 0.186108 0.998842 2.100000 0.100000 3.900000 6.100000 4.2000001349 2.127524 0.213815 0.979173 2.600000 0.100000 5.200000 7.900000 4.000000
1350 2.373007 0.246227 1.074953 4.200000 0.800000 4,900000 9.900000 3.8000001351 2.573344 0.278465 1.325091 5.500000 1.900000 4.400000 11.80000 3.7900001352 3.139875 0.335970 1.387091 4.400000 3.800000 7.600000 15.30000 3.5900001353 3.574325 0.404803 1.191684 5.300000 6.300000 7.300000 19.40000 3.4000001354 4.336875 0.514411 1.846319 5.400000 6.900000 10.70000 23.00000 3.4000001355 5.103659 0.651378 2.202071 6.200000 7.000000 12.30000 25.50000 3.400000
1356 6.381161 0.805074 2.538154 6.600000 9.700000 13.30000 29.60090 3.5000001357 6.662620 0.876172 2.533451 9.800000 8.700000 15.60000 34.10000 3.4000001358 6.636520 0.995539 3.143189 8.500000 14.70000 15,40000 38.60000 3.5900001359 5.529297 0.335744 2.433823 8.800000 14.30000 15.50000 38.50000 3.4000901360 7.076697 0.771965 2.194375 9.709000 14.90000 18.00000 42.69000 3.6000001361 8.156684 0.790611 2.606141 10.10000 20.00000 18.60000 48.70000 3.5000001362 9.761497 1.038755 3.393327 9.700900 22.80000 25.80000 58.30900 3.5900001363 10.57766 1.151849 3.316362 9.000000 24.50000 31.80000 65.30000 3.5090001364 12.31509 1.254835 3.617383 8.700000 25.20000 37.90000 71.80009 3.5000001365 11.46648 1.174154 2.564237 11.70000 24.30000 38.50000 74.50000 3.4000001366 12.45829 I . 252919 3.210320 13.10000 34.40000 33.50000 81.00000 3.3000901367 12.30521 I . 248562 3.168845 11.40000 36.10000 35.60000 83.10000 3.400000
1368 12.53165 1.334820 3.768749 11.70000 43.20000 35.80000 90.70000 3.2900001369 13.35557 1.442685 3.562224 9.500000 53.70009 39.90000 103.1000 3.2000001370 14.18509 1.562505 3.741445 11.00000 60.00000 41.10000 112.1000 3.300000
IR O T G O  « 
I R O T G S  : 
IR O T K E R  
I R P O E  =  
I R P O G  =  
I R P O P  =
I R P O T O  =
I R R C C a  =
= C o n s u m p t i o n  o f  g a s o i l  i n  O t h e r s  ( M B O E ) .
= C o n s u m p t i o n  o f  g a s o l i n e  i n  O t h e r s  ( M B O E ) .
=  C o n s u m p t i o n  o f  k e r o s i n e  i n  O t h e r s  ( M B O E ) .
C o n s u m p t i o n  o f  e l e c t r i c i t y  i n  p o w e r  g e n e r a t i o n  s e c t o r  ( M B O E ) .
C o n s u m p t i o n  o f  g a s  i n  p o w e r  g e n e r a t i o n  s e c t o r  ( M B O E ) .
C o n s u m p t i o n  o f  p e t r o l e u m  p r o d u c t s  i n  p o w e r  g e n e r a t i o n  s e c t o r  ( M B O E ) .
T o t a l  c o n s u m p t i o n  o f  e n e r g y  i n  p o w e r  g e n e r a t i o n  s e c t o r  ( M B O E ) .
C o n s u m p t i o n  o f  s o l i d  f u e l  i n  C o m m e r c i a l  & - R e s i d e n t i a l  s e c t o r  ( M B O E ) .
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Table A.B.10; Energy consumption in commercial and residential sector.
obs IRRCE IRRCFO IRRCG IRRCGO IRRCKER IRRCLG IRRCP IRRCTO
1340 NA 1.159320 NA 0.838725 5.503178 0.031658 NA NA
1341 NA 1.194422 NA 0.923109 5.863713 0.047487 NA NA
1342 HA 1.20296.0 NA 0.987036 6.299361 0.059359 NA NA
1343 NA 1.429701 NA 1.149838 7.190685 0.094975 NA . NA
1344 HA 1.624186 NA 1.357814 7.360938 D.122676 NA NA
1345 NA 1.877491 NA 1.603295 7.661385 0.182035 NA NA
1346 0.437472 2.123206 0.000000 1.862413 9.053453 0.277010 18.30000 20.00000
1347 0.589764 2.444818 0.000000 2.102780 9.964808 0.411557 19.90000 21.90000
1348 0.763224 2.675353 0.090000 2.262172 11.69738 0.585678 17.30000 19.70000
1349 0.977256 2.984632 0.000000 2.570727 11.46704 0.795414 17.70000 20.40000
1350 1.183056 3.148758 0.000000 2.867349 12.58871 1.005150 19.50000 22.60000
1351 1.451184 3.204732 0.100000 3.109420 15.51806 1.262373 23.40000 27.80000
1352 1.768704 3.817596 0.100000 3.854385 16.24414 1.563126 28.00000- 34.50000
1353 1.985676 4.201822 0.100000 4.318923 13.95574 1.887624 33.10000 40.20000
1354 2.484300 4.876353 0.200000 5.240328 21.62213 2.271480 39.00000 50.70000
1355 3.092292 5.481628 0.500000 6.166846 25.78832 2.797798 44.80000 57.20000
1356 3.602088 6.012904 1.300000 7.710476 29.72417 3.470536 55.30000 63.90000
135? 4.243596 5.852572 1.300000 8.050569 29.66909 3.525938 51.80000 63.10000
1358 4.983300 6.182723 3.300000 8.019032 36.80970 4.087873 61.70000 78.10000
1359 4.889808 7.281325 5.400000 7.889472 28.50235 3.878136 54.40000 73.60000
1360 6.208104 8.175956 9.900000 8.550905 25.69819 3.893965 53.50000 76.70000
1361 7.849212 8.375184 12.20000 9.855873 30.52035 4.273865 60.80000 89.80000
1362 8.506008 9.667322 15.00000 11.79500 39.73905 5.607469 77.40000 110.4000
1363 9.616740 10.87028 19.90000 12.78118 38.83771 6.383096 79.80000 116.9000
1364 10.71924 11.40725 20.70000 14.88055 42.36295 7.435733 86.20000 125.1000
1365 11.89406 11.75068 21.00000 13.85516 30.02962 7.716700 72.80000 113.3000
1366 13.44697 11.00500 16.70000 15.05358 37.59587 7.728572 90.60000 124.7000
1367 13.85504 11.30859 16.70000 14.86862 37.11015 8.294463 91.60000 126.2000
1368 15.67490 11.79717 16.00000 15.14223 44.13559 9.513306 103.0000 139.0000
1369 17.21311 11.81994 20.90000 16.13779 41,71699 9.996095 102.5000 144.2000
1370 19.24936 12.14985 30.20000 17.14012 43.81583 10.62795 108.4000 161.5000
I R R C E  =  C o n s u m p t i o n  o f  e l e c t r i c i t y  i n  C o m m e r c i a l  & R e s i d e n t i a l  s e c t o r  
( M B O E ) .
I R R C F O  =  C o n s u m p t i o n  o f  f u e l  o i l  i n  C o m m e r c i a l  & R e s i d e n t i a l  s e c t o r  
( M B O E ) .
I R R C G  =  C o n s u m p t i o n  o f  n a t u r a l  g a s  i n  C o m m e r c i a l  & R e s i d e n t i a l  s e c t o r  
( M B O E ) .
IR R C G O  =  C o n s u m p t i o n  o f  g a s o i l  i n  C o m m e r c i a l  & R e s i d e n t i a l  s e c t o r  
( M B O E ) .
I R R C K E R  =  C o n s u m p t i o n  o f  k e r o s i n e  i n  C o m m e r c i a l  & R e s i d e n t i a l  s e c t o r  
( M B O E ) .
I R R C L G  =  C o n s u m p t i o n  o f  l i q u i d  p e t r o l e u m  g a s  i n  C o m m e r c i a l  & R e s i d e n t i a l  
s e c t o r  ( M B O E ) .
I R R C P  = _ C p n s u m p t i o n  o f  p e t r o l e u m  p r o d u c t s  i n  C o m m e r c i a l  & R e s i d e n t i a l  
s e c t o r  ( M B O E ) .
I R R C T Ô  =  T o t a l  e n e r g y  c o n s u m p t i o n  i n  C o m m e r c i a l  & R e s i d e n t i a l  s e c t o r  
( M B O E ) .
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Table A.B.11: Energy consumption in refinery sector.
obs IRRFE IRRFG IRRFP IRRFTO IRTOCO IRTOE IRTOEN IRTOG
1340 NA NA NA NA NA NA NA NA1341 NA NA NA NA NA NA NA NA1342 NA NA ■ NA NA NA NA NA NA1343 NA NA NA NA NA NA NA NA1344 NA NA NA NA NA NA • NA NA1345 NA NA NA NA NA NA NA NA1346 0.300000 4.700000 14.60000 19.60000 5.500000 0.859068 52.50000 0.7000001347 0.400000 4.900000 16.10000 21.40000 5.400000 1.152480 69.61249 0.8000001348 0.400000 5.800000 8.800000 15.00000 5.500000 1.519392 86.92571 1.0000001349 0.400000 6.100000 13.00000 19.50000 5.400000 2.041536 93.00997 10.200001350 0.400000 6.000000 12.00000 18.40000 5.400000 2.657172 103.1687 12.000001351 0.500000 6.500000 7.300000 14.30000 6.200000 3.365124 115.6240 13.100001352 0.500000 6.500000 13.50000 20.50000 7.700000 4.584048 126.1557 15.400001353 0.500000 6.300000 14.60000 21.90000 8.000000 5.381376 137.1725 14.200001354 0.600000 5.700000 16.10000 22.40000 11.90000 5.142248 148.4035 15.00000■355 0.600000 7.200000 16.20000 24.00000 11.80000 6.899592 162.1187 16.700001356 0.600000 4,900000 18.10000 23.60000 12.00000 7.582808 205.0000 17,100001357 0.600000 2.400000 16.00000 19.00000 8.600000 8.317260 183.2419 13.400001358 0.600000 2.800000 15.90000 19.30000 11.00000 9.359195 197.4876 15.300001359 0.400000 2.000000 9.700000 12.10000 11.30000 8.446032 205.0323 12.900001360 0.500000 1.000000 11.80000 13.30000 10.20000 10.72159 220.5519 15.900001361 0.500000 1.500000 12.30000 14.30000 12.40000 12.79076 240.8000 22.000001362 0.500000 1.700000 13.60000 15.80000 11.90000 14.78996 230.4152 25.200001363 0.300000 2.200000 14.60000 17.10000 10.00000 15.56803 310.2065 31.200001364 0.400000 2.100000 15.40000 17.90000 9.900000 18.11746 305.5706 30.300001365 0.300000 2.300000 18.90000 21-50000 9.300000 19.17997 317.2957 28.700001366 0.500000 2.400000 14.80000 17.70000 9.500000 20.42712 331.1000 32.900001367 0.300000 2.400000 14.00000 16.70000 9.800000 21.25444 334.2000 34.000001368 0.400000 2.000000 11.50000 13.90000 7.900000 23.49413 363.6000 49.200001369 0.500000 3.900000 11.50000 15.90000 7.900000 26.52292 392.9000 68.300001370 0.500000 6.500000 11.50000 18.50000 9.900000 28.91490 445.4000 94.50000
I R R F E  =  C o n s u m p t i o n  o f  e l e c t r i c i t y  i n  R e f i n e r y  s e c t o r  ( M B O E ) .
I R R F G  =  C o n s u m p t i o n  o f  n a t u r a l  g a s  i n  R e f i n e r y  s e c t o r  ( M B O E ) .
I R R F P  =  C o n s u m p t i o n  o f  p e t r o l e u m  p r o d u c t s  i n  R e f i n e r y  s e c t o r  ( M B O E ) .
I R R F T O  =  T o t a l  e n e r g y  c o n s u m p t i o n  i n  R e f i n e r y  s e c t o r  ( M B O E ) .
IR T O C O  =  T o t a l  c o n s u m p t i o n  o f  s o l i d  f u e l s  i n  R e f i n e r y  s e c t o r  ( M B O E ) . 
I R T O E  =  T o t a l  c o n s u m p t i o n  o f  e l e c t r i c i t y  i n  R e f i n e r y  s e c t o r  ( M B O E ) . 
IR T O E N  =  T o t a l  c o n s u m p t i o n  o f  f i n a l  e n e r g y  i n  R e f i n e r y  s e c t o r  (M B O E )  
IR T O G  =  T o t a l  c o n s u m p t i o n  o f  g a s  i n  R e f i n e r y  s e c t o r  ( M B O E ) .
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Table A.B.12: E n ei^  consumption in transportation sector and waste energy.
obs IRTOP IRTRGO IRTRGS IRTRJET IRTRP IRTRTO IRWAST JETF
HA 2.624960 3.420722 0.672993 NA NA NA 111.0000NA 2.889057 3.526955 0.800316 NA NA NA 132.0000NA 3.08913.0 3.728799 0.836694 NA NA NA 138.0000NA 3.598650 3.930643 0.939765 NA NA NA 155.0000NA 4.249554 3.792539 1.018584 NA NA NA 168.0000NA 5.017835 4.249344 1.158033 NA NA NA 191.00006 44.10000 5.828799 4.536174 1.455120 11.50000 11.50000 1.800000 240.000049.50000 6.581074 5.008914 1.424805 12.50000 12.50000 2.200000 235.000055.21600 7.079923 5.672874 1.715829 16.90000 16.90000 3.100000 283.000061.20000 8.045609 6.517431 2.200869 19.50000 19.50000 4.300000 363.000068.00000 8.973949 7.505404 2.637405 22.30000 22.30000 5.600000 435.000077.20000 9.731560 8.488064 2.989059 24.40000 24.40000 6.700000 493.000093.30000 12.06308 10.24092 3.850005 29.30000 29.30000 9.500000 635.0000105.3000 13.51694 12.33903 4.456305 33.20000 33.20000 12.20000 735.0000125.8000 16.40067 15.68008 5.408196 41.30000 41.30000 15.00000 892.0000147.1000 19,30039 19.85506 6.42071? 49.30000 49.30000 16.60000 1059.000168.0000 24.13149 24.53996 8.009223 58.30000 58.30000 19.90000 1321.000174.7000 25.19588 26.70713 6.541977 58.00000 58.00000 24.20000 1079.000185.5000 25.09718 30.34563 3.516540 58.80000 58.80000 27.70000 580.0000168.5000 24.69170 25.47482 3.516540 54.40000 54.40000 27.30000 580.0000172.7000 26.76179 23.53074 2.837484 53.80000 53.80000 30.20000 468.0000191.9000 30.84595 24.09909 2.716224 59.90000 59.90000 34.20000 448.0000233.2000 36.91484 31.66292 3.759060 72.10000 72.10000 40.50000 620.0000247.1000 40.00130 35.11020 3.692367 77.90000 77.90000 45.30000 609.0000270.7000 46.57170 38.24940 3.474099 86.90000 86.90000 50.20000 573.0000245.8000 43.36253 35.79010 3.413469 82.60000 82.60000 51.30000 563.0000266.4000 47.11323 38.19098 3.722682 88.80000 88.80000 55.50000 614.0000267.3000 46.53436 38.05819 2.976933 86.50000 86.50000 56.80000 491.0000280.1000 47.3906? 40.68747 2.813232 89.90000 89.90000 68.80000 464.0000287.1000 50.50647 43.97540 3.686304 96.60000 96.60000 78.40000 608.0000308.9000 53.64346 47.62766 4.153155 105.0000 105.5000 85.60000 685.0000
IRTOP = Total consumption of petroleum products (MBOE).
IRTRGO = Consumption of gasoil in Transportation sector (MBOE). 
IRTRGS = Consumption of gasoline in Transportation sector (MBOE). 
IRTRJET - Aviation fuel consumed (MBOE).
IRTRP = Consumption of petroleum products in Transportation sector (MBOE).
IRTRTO - Total consumption of energy in Transportation sector (MBOE) 
IRWAST = Waste of energy (MBOE).
JETF -Aviation fuel consumed (x thousand m ).
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Table A.B.13: Consumption of kerosine and national income (1982 prices).
obs KER RERAG RERGAS KERIN- REROTH KERPO KERRC NI61
1340 1099.000 62.68696 KA 27.96955 78.19384 1.813350 928.3363 881.20001341 1171.000 66.79384 NA 29.80195 83.31667 1.932150 989.1554 930.80001342 1258.000 71.7563-2 NA 32.01610 89.50674 2.075700 1062.645 953.90001343 1436.000 81.90944 NA 36.54620 102.1714 2.369400 1213.004 1046.9001344 1470.000 83.84880 NA 37.41150 104.5904 2.425500 1241.724 1154.6001345 1530.000 87.27120 NA 38.93850 108.8596 2.524500 1292.406 1282.5001346 1808.090 103.1283 195.0000 46.01360 128.6392 2.983200 1527.236 1392.0001347 1990.000 113.5096 195.0000 50.64550 141.5885 3.283500 1680.973 1538.4001348 2336.000 133.2454 195.0000 59,45120 166.2064 3.854400 1973.243 1678.8001349 2290.000 130.6216 195.0000 58.28050 162.9335 3.778500 1934.386 1870.4001350 2514.000 143.3986 195.0000 63.98130 178.8712 4.148100 2123.601 2410.5001351 3099.000 176.7670 234.0000 78.86955 220.4938 5.113350 2617.756 3142.3001352 3244.000 185.0378 280.0000 82.55980 230.8106 5.352600 2740.239 4788.3001353 2787.000 158.9705 331.0000 70.92915 198.2950 4.598550 2354.207 8803.7001354 4318.000 246.2987 195.0000 109.8931 307.2257 7.124700 3647.458 8525.5001355 5150.000 293.7560 89.60000 131.0675 366.4226 8.497500 4350.256 10438.701356 5936.000 338.5894 42.53846 151.0712 422.3462 9.794400 5014.199 10143.201357 5925.000 337.9620 39.84615 150.7912 421.5638 9.776250 5004.907 8653.5001358 7351.000 419.3010 18.69697 187.0829 523.0235 12.12915 6209.463 9538.3001359 5692.000 324.6717 10.07407 144.8614 404.9857 9.391800 4808.089 8232.1001360 5132.000 292.7293 5.404041 130.6094 365.1418 8.467800 4335.052 8035.0001361 6095.000 347.6588 4.983606 155.1178 433.6594 10.05675 5148.507 9107.3001362 7936,000 452.6694 5.160000 201.9712 564.6463 13.09440 6703.619 10220.001363 7756.000 442.4023 4.010050 197.3902 551.8394 12.79740 6551.571 10154.601364 8460.000 482,5584 4.164251 215.3070 601.9290 13.95900 7146.247 10116.901365 5997.000 342.0689 3.466667 152.6237 426.6863 9.895050 5065.726 8285.0001366 7508.000 428.2563 5.425149 191.0786 534.1943 12.38820 6342.083 8460.5001367 7411.000 422.7234 5.485030 188.6100 527.2924 12.22815 6260.146 70943.701368 8814.000 502.7505 6.437500 224.3163 627.1161 14.54310 7445.274 8226.5001369 8331.000 475.2002 4.904306 212.0240 592.7509 13.74615 7037.279 9400.4001370 8750.145 499.1082 3,589404 222.6912 622.5729 14.43774 7391.334 10653.70
KER Consumption of kerosine in Iran (x thousand m ).
KERAG = Consumption of kerosine in Agriculture (x thousand m ).
KERGAS = Ratio of kerosine consumption to gas consumption(thousand m")( MBOE )
KERIN Consumption of kerosine in Industry (thousand m ).
KEROTH = Consumption of kerosine in Others (thousand m ).
3KERPO = Consumption of kerosine in Power Generation (thousand m ).
KERRC = Consumption of kerosine in Residential & Commercial sector 
(thousand m^).
NI61 = National income in the price of 1982 (10^ Rials).
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Table A.B.14: Price of electricity in different sectors.
008 PEAG PEAGA PEC PEIN PEINA PEOTH PEOTHA PER PERC
1340 2.480373 0.146768 2.261284 1.872081 0.110774 29.54434 1.748186 4.194907 3.579037
I34I 2.480373 0.14505,1 2.261284 1.872081 0.109478 29.54434 1.727739 4.194907 3.579037
1342 2.480373 0.144208 2,261284 1.872081 0.108842 29.54434 1.717694 4.194907 3.579037
1343 2.480373 0.137798 2.261284 1.872081 0.104005 29.54434 1.641352 4.194907 3.579037
1344 2.480373 0.137798 2.261284 1.872081 0.104005 29.54434 1.641352 4.19490? 3.579037
1345 2.480373 0.136284 2.261284 1.872081 0.102362 29.54434 1.623315 4.194907 3.579037
1346 2.480373 0.135540 2.261284 1.872081 0.102300 29.54434 1.614445 4.194907 3.579037
1347 2.480373 0.133353 2.261284 1.872081 0.100650 29.54434 1.588405 4.194907 3.579037
1348 2.480373 0.128517 2.261284 1.872081 0.096999 29.54434 1.530795 4.19490? 3.579037
1349 2.480373 0.127199 2.261284 1.872081 0.096004 29.54434 1.515094 4.19490? 3.579037
1350 2.480373 0.120406 2.261284 1.872081 0.090878 29.54434 1.434191 4.194907 3.579037
1351 2.480373 0.113259 2.261284 1.872081 0.085483 29.54434 1.349057 4.194907 3.579037
1352 2.480373 0.101655 2.261284 1.872081 0.076725 29.54434 1.210834 4.194907 3.579037
1353 2.480373 0.087956 2.261284 1.872081 0.066386 29.54434 1.047672 4.194907 3.579037
1354 2.480373 0.080012 2.261284 1.872081 0.060390 29.54434 0.953043 4.194907 3.579037
1355 2.480373 0.068708 2.261284 1.872081 0.051858 29.54434 0.818403 4.194907 3.579037
1356 2.480373 0.054997 2.261284 1.872081 0.041510 29.54434 0.655085 4.194907 3.579037
1357 2.480373 0.050008 2.261284 1.872081 0.037744 29.54434 0.595652 4.194907 3.579037
1358 2.480373 0.044934 2.261284 1.872081 0.033915 29.54434 0.535224 4.194907 3.579037
1359 2.480373 0.036369 2.261284 1.872081 0.027450 29.54434 0.433201 4.194907 3.579037
1360 2.533111 0.030556 2.025555 1.615243 0.019484 43.75819 0.527843 4.547915 3.794294
1361 1.485646 0.014856 2.479915 2.062239 0.020622 49.55070 0.495507 5.113694 4.372617
1362 1.297055 0.011298 3.253520 1.659686 0.01445? 32.74689 0.285252 3.806007 4.631735
1363 1.302186 0.010278 3.425856 1.612791 0.012729 43.39570 0.342508 4.077333 4.978492
1364 1.302640 0.009621 3.475036 1.538367 0.011362 46.02263 0.339901 4.076453 5.073441
1365 1.451458 0.008665 3.671972 1.612529 0.009627 40.89606 0.244156 4.221575 5.190766
1366 1.326171 0.006200 4.797537 3.416473 0.015972 43.74513 0.204512 3.891858 5.289428
1367 1.390446 0.005043 5.964911 3.497200 0.012685 38.97486 0.141367 4.708153 6.425129
1368 1.446275 0.004467 6.177911 3.498149 0.010803 56.32504 0.173950 4.737023 6.530675
1369 1.441211 0.004085 6.156281 3.485901 0.009881 56.12000 0.159070 4.720438 6.507810
1370 1.799164 0.004264 7.685315 4.351694 0.010315 70.06000 0.166058 5.892852 8.124153
P E A G  -  P r i c e  o f  e l e c t r i c i t y  i n  A g r i c u l t u r a l  s e c t o r  ( R i a l s )
(  k W h  )
P E A G A  =  A c t u a l  p r i c e  o f  e l e c t r i c i t y  i n  A g r i c u l t u r a l  s e c t o r  
P E C  =  P r i c e  o f  e l e c t r i c i t y  i n  C o m m e r c i a l  s e c t o r  
P E I N  =  P r i c e  o f  e l e c t r i c i t y  i n  I n d u s t r i a l  s e c t o r  
P E I N A  =  A c t u a l  p r i c e  o f  e l e c t r i c i t y  i n  I n d u s t r i a l  s e c t o r  
P E O T H  =  P r i c e  o f  e l e c t r i c i t y  i n  O t h e r s
PE O T H A =  A c t u a l  p r i c e  o f  e l e c t r i c i t y  i n  O t h e r s  ^
P E R  =  P r i c e  o f  e l e c t r i c i t y  i n  R e s i d e n t i a l  s e c t o r  ( ^ ^ W h ^ )
P E R C  =  P r i c e  o f  e l e c t r i c i t y  i n  R e s i d e n t i a l  & C o m m e r c i a l  s e c t o r  ( R i a l s )
(  k W h  )
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Table A.B.15: Price of electricity and different fuels.
obs PERCA PETO PETOA PFJ4 PFJA PFO PFOA PGOILA
13*0 0.211777 3.912657 0.231518 5.000000 5.000000 1.200000 0.071006 0.130178
13*1 0.209300 3.91265? 0.228810 5.000000 5.000000 1.200000 0,070175 0.128655
13*2 0.208084 3.912657 0.227480 5.000000 5.000000 1.200000 0.069767 0.127907
13*3 0.198835 3.912657 0.217370 5.000000 5.000000 1.200000 0.066667 0.122222
13*4 0.198835 3.912657 0.217370 5.000000 5.000000 1.200000 0.066667 0.1222221345 0.196650 3.912657 0.2I498I 5.000000 5.000000 1.200000 0.065934 0.120879
1346 0.195576 3.912657 0.213306 5.000000 5.000000 1.200000 0.065574 0.1202191347 0.192421 3.912657 0.210358 5.000000 5.000000 1.200000 0.064516 0.118280
1348 0.185442 3.912657 0.202728 5.000000 5.000000 1.200000 0.062176 0.113990
1349 0.183540 3.912657 0.200649 5.000000 5.000000 1.200000 0.061538 0.112821
1350 0.173740 3.912657 0.189935 5.090000 5.000000 1.200009 0.058252 0.106796
1351 0.163426 3.912657 0.178660 5.000000 5.000000 1.200000 0.054795 0.100457
1352 0.146682 3.912657 0.160355 5.000000 5.000000 1.200000 0.049180 0.090164
1353 0.126916 3.912657 0.138747 5.000000 5.000000 1.200000 0.042553 0.078014
1354 0.115453 3.912657 0.126215 5.000000 5.000000 1.200000 0.038710 0.070968
1355 0.099142 3.912657 0.108384 5.000000 5.000000 1.200000 0.033241 0.060942
1356 0.079358 3.912657 0.086755 5.900000 5.000000 ' 1.200000 0.026608 0.048780
1357 0.072158 3.912657 0.078884 5.000000 5.900000 1.200000 0.024194 0.044355
1358 0.064838 3.912657 0.070881 5.000000 5.900000 1.200000 0.021739 0.039855
1359 0.052479 3.912657 0.057370 5.000000 5.000000 1.200000 0.017595 0.032258
1360 0.045770 3.802802 0.045872 5.000000 5.900000 Î . 200000 0.014475 0.072375
1361 0.043726 4.830359 0.048304 5.000000 5.000000 1,200000 0.012000 0.060000
1362 0.040346 4.442194 0.038695 5.000000 5.000000 1.200000 0.010453 0.052265
1363 0.039294 4.869094 0.038430 5.000000 5.009000 1.200000 0.009471 0.947356
1364 0.037470 4.776254 0.035275 5.000000 5.000000 1.200000 0.008363 9.044313
1365 0.030990 4.928376 0.029423 5.000000 5.000000 1.200000 0.007164 0.035821
1366 0.024729 5.507500 0.025748 5.000000 5.090000 2.000000 0.009350 0.028050
1367 0.023305 6.199461 0.022486 5.000000 5.000000 2.000000 0.007254 0.021763
1368 0.020169 6.501201 0.020078 5.000000 5.000000 2.000000 0.006177 0.018530
1369 0.018446 6.478440 0.018363 5.000000 11.00000 2.000000 0.005669 0.017007
1370 0.019256 8.087488 0.019169 5.000000 12.21000 5.000000 0.011851 NA
PERCA = Actual price of electricity in Residential & Commercial sector
(Rials)( kWh )
PETO = Average price of electricity j
PETOA = Actual average price of electricity
PFJ4 = Price of J.P.4 (Rials)(Litre)
PFJA = Price of jet Aviation fuel (Rials)(Litre)
PFO = Price of fuel oil (Rials)(Litre)
PFOA = Actual price of fuel oil (%Yt^) 
PGOILA = Actual price of gasoil
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Table A.B.16: Price of different fuels.
003 PGOE PGORA PGOT PGOTA PGP PGR PGSLN PGSLKA
1340 2.400000 0.142012 2.000000 0.118343 8.000000 6.000000 6.060000 0.3585801341 2.400000 0.140351 2.000000 0.116959 8.000000 6.000000 6.060000 0.3543861342 2.400000 0.139535 2.000000 0.116279 8.000000 6.000000 6.060000 0.3523261343 2.400000 0.133333 2.000000 O . l l l l l l 8.000000 6.000000 6.060000 0.3366671344 2.400000 0.133333 2.000000 0.111111 8.000000 6.000000 6.060000 0.336667
1345 2.400000 0.131868 2.000000 0.109890 3.000000 6.000000 6.060000 0.3329671346 2.400000 0.131148 2.000000 0.109290 9.000000 6.000000 6.090000 0.3327871347 2.400000 0.129032 2.000000 0.107527 9.000000 6.000000 6.090000 0.327419
1348 2.400000 0.124352 2.000000 0.103627 9.000000 6.000000 6.090000 0.315544
1349 2.400000 0.12307? 2.000000 0.102564 9.000000 6.000000 6.090000 0.3123081350 2.400000 0.116505 2.000000 0.097087 9.000000 6.000000 6.090000 0.295531
1351 2.400000 0.109589 2.000000 0.091324 9.000000 6.000000 6.090000 0.278082
1352 2.400000 0.098351 2.000000 0.081967 9.000000 6.000000 6.090000 0.249590
1353 2.400000 0.085106 2.000000 0.070922 9.000000 6.000000 6.990000 0.215957
1354 2.400000 0.077419 2.000000 0.064516 9.000000 6.000000 6.090000 0.196452
1355 2.400000 0.066482 2.000000 0.055402 9.000000 6.000000 6.990000 0.1686981356 2.400000 0.053215 2.000000 0.044346 10.00000 8.000000 8.060000 0.178714
1357 2.400000 0.048387 2.000000 0.040323 12.50000 10.00000 10.07500 0.203125
1358 2.400000 0.043478 2.000000 0.036232 12.50000 10.00000 10.07500 0.182518
1359 2.400000 0.035191 2.000000 0.029326 40.00000 30.00000 30.30000 0.4442821360 10.00000 2.000000 0.024125 40.00000 30.00000 30.30000 0.3655011361 10.00000 0.100000 2.000000 0.020000 40.00000 30.00000 30.30000 0.303000
1362 10.00000 0.087108 2.000000 0.017422 40.00000 30.00000 30.30000 0.2639371363 10.00000 0.078927 2.000000 0.015785 40.00000 30.00000 30.30000 0.2391481364 10.00000 0.073855 2.000000 0.014771 40.00000 30.00000 30.30000 0.223781
1365 10.00000 0.059701 2.000000 0.011940 60.00000 36.00000 36.72000 0.2192241366 10.00000 0.046751 2.000000 0.009350 60,00000 38.00000 38.660.00 0.180739
1367 10.00000 0.036271 2.000000 0.007254 60.00000 41.00000 41.57000 0.150780
1368 10.00000 0.030883 2.000000 0.006177 60.00000 43.00000 43.51000 0.134373
1369 10.00000 0.028345 2.000000 0.005669 70.00000 44.93000 45.68210 0.129484
1370 10.00000 0.023702 10.00000 0.023702 70.00000 50.00000 59.60090 0.119934
P G O R  =  P r i c e  o f  g a s o i l  i n  R e s i d e n t i a l  s e c t o r  ( f o r  h e a t i n g )  
P G O R A  =  A c t u a l  p r i c e  o f  g a s o i l  i n  R e s i d e n t i a l  s e c t o r
P G O T  =  P r i c e  o f  g a s o i l  i n  T r a n s p o r t a t i o n ( R i a l s )( L i t r e )
P G O T A  =  A c t u a l  p r i c e  o f  g a s o i l  i n  T r a n s p o r t a t i o n  ( L i t r e )
P G P  =  P r i c e  o f  g a s o l i n e  s u p e r ( R i a l s )( L i t r e )
P G R  =  P r i c e  o f  r e g u l a r  g a s o l i n e  
P G S L N  =  P r i c e  o f  g a s o l i n e ( L i t r e )
P G S L N A =  A c t u a l  p r i c e  o f  g a s o l i n e
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Table A.B.17: Price of different fuels.
obs PJETA PJETF PJETFA PS PSERA PLPG PLPGA PNGA
1340 0.295858 5.000000 0.295858 2.500000 0.147929 4.500000 0.266272 0.5029591341 0.292398 5.000000. 0.292398 2.500000 0.146199 4.500000 0.263158 0.4970761342 0.290698 5.000000 0.290698 2.500000 0.145349 4.500000 0.261628 0.4941861343 0.277778 5.000000 0.277778 2.500000 0.138889 4.500000 0.250000 0.4722221344 0.277778 5.000000 0.277778 2.500000 0.138889 4.500000 0.250000 0.4722221345 0.274725 5.000000 0.274725 2.500000 0.137363 4.500000 0.247253 0.4670331346 0.273224 5.000000 0.273224 2.500000 0.136612 4.500000 0.245902 0.4644811347 0.268817 5.000000 0.268817 2.500000 0.134409 4.500000 0.241935 0.4569891348 0.259067 5.000000 0.259067 2.500000 0.129534 4.500000 0.233161 0.4404151349 0.256410 5.000000 - 0.256410 2.500000 0.128205 4.500000 0.230769 0.4358971350 0.242718 5.000000 0.242718 2.500000 0.121359 4.500000 0.218447 0.4126211351 0.228311 5.000009 0.228311 2.500000 0.114155 4.500000 0.205479 0.3881281352 0.204918 5.000000 0.204918 2.500000 0.102459 4.500000 0.184426 0.3483611353 0.177305 5.000000 0.177305 2.500000 0.088652 4.500000 0.159574 0.3014181354 0.161290 5.000000 0,161290 2.500000 0.080645 4.500000 0.145161 0.2741941355 0.138504 5.000000 0.138504 2.500000 0.069252 4.500000 0.124654 0.2354571356 0.110865 5.000000 0.110865 2.500000 0.055432 5.500000 0.121951 0.1884701357 0.100806 5.000000 0.100806 2.500000 0.050403 6.800000 0.137097 0.1713711358 0.090580 5.000000 0.090580 2.500000 0.045290 6.800000 0.123188 0,1539861359 0.073314 5.000000 0.073314 2.500000 0.036657 6.800000 0.099707 0.1246331360 0.060314 5.000000 0.060314 2.500000 0.030157 9.900000 0.119421 0.1025331361 0.050000 5.000000 0.050000 2.500000 0.025000 9.900000 0.099000 0.0850001362 0.043554 5.000000 0.043554 2.500000 0.021777 9.900000 0.086237 0.0740421363 0.039463 5.000000 0.039463 2.500000 0.019732 9.900000 0.078137 0.0670881364 0.036928 5.000000 0.036928 2.500000 0.018464 9.900000 0.073117 0.0627771365 0.029851 5.000000 0.029851 4.000000 0.023881 9.900000 0.059104 0.0507461366 0.023375 5.000000 0.023375 4.000000 0.018700 9.900000 0.046283 0,0397381367 0.018136 5.000000 0.018136 4.000000 0.014509 9.900000 0.035909 0.0308311368 0.015442 5.000000 0.015442 4.000000 0.012353 9.900000 0.030574 0.0262511369 1.27692? 11.00000 0.031179 4.000000 0.011338 9.900000 0.028061 0.0240931370 NA 12.21000 0.028941 4.000000 NA 19.60000 0.046457 NA
PJETA = Actual price of jet fuel. (Rials/Litre)
PJETF = Price of Aviation fuel for civil purposes. (Rials/Litre)
PJETFA = Actual price of Aviation fuel for civil purposes. (Rials/Litre)
PK = Price of kerosine. (Rials/Litre)
PKERA = Actual price of kerosine. (Rials/Litre).
PLPG = Price of liquid petroleum gas. (Rials/Litre)
PLPGA = Actual price of liquid petroleum gas. (Rials/Litre)
PNGA = Actual price of natural gas. (Rials/m^)
Amir A. Sadighi PhD Thesis, March 1998
Appendix B B19
Table A.B.18: Price of gas and revenue of electricity sale.
o'os PNGCR PNGCRA PNGIN PNGINA POP REAG REC REIN
1340 1.800000 0.106509 0.950000 0.056213 22444000 NA NA NA1341 1.800000 0.105263 0.950000 0.055556 23084000 NA NA NA1342 1.800000 0.104651 0.950000 0.055233 23739000 NA NA NA1343 1.800000 0.100000 0.950000 0.052778 24408000 NA NA NA1344 1.800000 0.100000 0.950000 0.052778 25091000 NA NA NA1345 1.800000 0.098901 0.950000 0.052198 25789000 NA NA NA1346 1.800000 0.098361 0.950000 0.051913 26501000 NA NA NA1347 1.800000 0.096774 0.950000 0.051075 27228000 NA NA NA1348 1.800000 0.093264 0.950000 0.049223 27970000 NA NA NA1349 1.800000 0.092308 0.950000 0.048718 28727000 NA NA NA1350 1.800000 0.087379 0.950000 0.046117 29499000 NA NA NA1351 1.800000 0.082192 0.950000 0.043379 30286000 NA NA NA
1352 1.800000 0.073770 0.950000 0.038934 31089000 NA NA NA1353 1.800000 0.063830 0.950000 0.033688 31951000 NA NA NA1354 1.800000 0.058065 0.950000 0.030645 32818000 NA NA NA1355 1.800000 0.049861 0.950000 0.026316 33709000 NA NA NA1356 1.800000 0.039911 0.950000 0.021064 34736000 NA NA NA1357 1.800000 0.036290 0.950000 0.019153 36077000 NA NA NA1358 1.800000 0.032609 0.950000 0.017210 37991000 NA NA NA1359 1.800000 0.026393 0.950000 0.013930 39646000 1723859. 8676545. 8871793.1360 1.800000 0.021713 2.000000 0.024125 41221000 2211406. 9619360. 102180251361 5.000000 0.050000 2.000000 0.020000 42800000 1720378. 14877010 133818691362 5.000000 0.043554 2.000000 0.017422 44438000 1970226. 18248996 12942231
1363 5.000000 0.039463 2.000000 0.015785 46201000 2406439. 21534928 139200011364 5.000000 0.036928 2.000000 0.014771 47807000 3177140. 24026400 1358993.11365 5.000000 0.029851 2.000000 0.011940 49363000 3135149. 28685448 140338371366 5.000000 0.023375 2.000000 0.009350 50995000 3401629. 44142136 268124801367 5.000000 0.018136 2.000000 0.007254 52672000 4097645. 5707Î236 274600121368 5.000000 0.015442 2.000000 0.006177 54504000 4847914. 67135360 296153321369 5.000000 0.014172 2.000000 0.005669 56401000 NA NA NA1370 5.000000 0.011851 2.000000 0.004740 58262000 NA NA NA
PNGCR = Price of natural gas in Residential & Commercial sector. (Rials/m3).
PNGCRA = Actual price of natural gas in Residential & Commercial sector 
(Rials/m^).
PNGIN ' = Price of natural as in Industry, (Rials/m^)
3PNGINA = Actual price of natural gas in Industry (Rials/m )
POP = Population.
REAG = Revenue of electricity sale to Agricultural sector.
(x 10^ Rials)
REC = Revenue of electricity sale to Commercial sector, (x 10^ Rials) 
REIN = Revenue of electricity sale to Industrial sector, (x lO^Rials)
Amir A. Sadighi PhD Thesis, March 1998
Appendix B B20
Table A.B.19: Revenue of electricity sale and share of different fuels from 
final energy demand.
obs REOTH RER RETO RPOP SA6EK SCOEN SEEN SENPOP
1340 U NA NA 14701000 NA NA NA NA1341 U NA NA 14978000 • NA NA NA NA1342 u NA ■ NA 15250000 NA NA NA NA1343 u NA NA 15515000 NA NA NA NA1344 u NA NA 15775000 NA NA NA NA1345 NA NA NA 16026000 NA NA NA NA1346 NA NA NA 16268000 0.059048 0.-104762 0.041905 1.9810571347 NA NA NA 16501000 0.053151 0.077572 0.035913 2.5566511348 NA NA NA 16723000 0.031061 0.063272 0.034512 3.1078201349
1350
NA NA NA 16932000 0.032255 0.058058 0.038706 3.237720NA NA NA 17130000 0.031986 0.052341 0.041679 3.4973631351 NA NA NA 17313000 0.034595 0.053622 0.044108 3.8177381352 NA NA NA 17482000 0.046768 0.061036 0.049938 4.0578891353 NA NA NA 17500000 0.045928 0.058321 0.052489 4.2932151354 NA NA NA 17679000 0.053233 0.080187 0.053907 4.5220161355 NA NA NA 17854000 0.057365 0.072786 0.054281 4.8093601356 NA NA NA 18088000 0.063107 0.058252 0.047573 5.9304471357 NA NA NA 18612000 0.060576 0.046932 0.054573 5.0791891358 NA NA NA 19541000 0.059244 0.055700 0.055700 5.1982731359 18140224 18788988 56201408 20178000 0.059991 0.055113 0.055113 5.1715761360 20872656 26418840 69340288 20617000 0.062117 0.046248 0.056223 5.3504741361 37509880 37585648 1.05E+08 20970000 0.073505 0.051495 0.060216 5.6261681362 44863236 33709808 1.12Ef08 21345000 0.075602 0.042437 0.059198 6.3102571363 58280428 41054668 I.37E+08 21716000 0.072532 0,032237 0.059315 6.7142821364 60243624 46129144 1.47E4-08 22005000 0.084759 0.032398 0.065451 6.3917541365 62489176 52415080 1.61E+08 22571000 0.077215 0.030886 0.066499 6.4278041366 63780396 53193920 1.91E+08 22928000 0.083963 0.028692 0.067351 6.4927941367 69570120 65885888 2.24£f08 23230000 0.083184 0.029324 0.069120 6.3449271368 83361064 74802328 2.60Ef08 23726000 0.081408 0.021727 0.072607 6.6710701369
1370
NA NA NA 24552000 0.079919 0.020107 0.075337 6.966188NA NA NA 25708000 0.075887 0.022227 0.072070 7.644777
REOTH - Revenue of electricity sale to Others. (10^ Rials)
RER = Revenue of electricity sales to Residential sector.(10^ Rials) 
RETO = Total revenue of electricity sale. (10^ Rials)
RPOP = Rural population.
SAGEN = Share of Agricultural sector from final energy demand.
SCOEN — Share of solid fuels from final energy demand.
SEEN = Share of electricity in final energy demand.
SENPOP = Final energy/population. (Barrel per capita)
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Tablé A.B.20: Ratio of different types of fuel to total petroleum products.
obs SENOPOP SFEN SFOIL SGSLN SGSOIL SINEN SJETF SKER
1340 KA NA 0.300393 0.158309 0.241888 NA 0.027286 0.2701571341 NA NA 0.291368 0.153668 0.250636 NA 0.030548 0.2710021342 NA NA . 0.279357 0.154660 0.255122 NA 0.030403 0.2771541343 NA NA 0.289196 0.142007 0.258875 NA 0.029745 0.2755711344 NA NA 0.300985 0.125527 0.280063 NA 0.029536 0.2584391345 NA NA 0.307920 0.124475 0.292672 NA 0.029718 0.2380581346 5.130460 0.840000 0.302637 0.115483 0.295470 0.291429 0.032454 0.2444901347 6.489465 0.711079 0.309885 0,113396 0.296657 0.248519 0.028259 0.2392981348 7.728791 0.635209 0.302933 0.114728 0.285100 0.254424 0.030401 0.2509401349 7.885542 0.657994 0.307137 0.119789 0.294445 0.268788 0.035439 0.2235671350 8.340909 0.659115 0.293743 0.125055 0.297725 0.256861 0.038499 0.2224981351 8.912664 0.667681 0.269485 0.127483 0.291025 0.262921 0,039330 0.2472281352 9.271382 0.739562 0.272851 0.130730 0.306618 0.291703 0.043057 0.2199621353 9.492249 0.767647 0.279997 0.146858 0.320331 0.290875 0.046466 0.1761921354 9.802729 0.847689 0.256692 0.147423 0.307032 0.300532 0.044547 0.2156411355 10.22508 0.907360 0.244137 0.157941 0.305700 0.313351 0.044746 0.2176031356 12.37386 0.815534 0.225247 0.164191 0.321487 0.250485 0.046947 0.210960135? 10.49195 0.953385 0.216175 0.176192 0.330974 0.303970 0.037811 0.2076251358 10.70393 0.939300 0.212960 0.186687 0.307431 0.274448 0.018953 0.2402131359 10.53176 0.821822 0.264847 0.165499 0.319404 0.243376 0.020014 0.1964181360 10.70432 0.783036 0.290520 0.149339 0.338188 0.249828 0.015777 0.1730041361 11.03069 0.796927 0.271205 0.139381 0.355227 0.261213 0.013763 0.1872451362 12.14287 0.831624 0.254992 0.149167 0.346279 0.249630 0.015515 0.1985891363 12.66925 0.796566 0.266211 0.153574 0.348389 0.242419 0.014149 0.1802001364 11.84290 0.885884 0.252632 0.151297 0.366803 0.252969 0.012039 0.1777501365 11.84293 0.774672 0.282212 0.153524 0.370366 0.225027 0.012828 0.1366401366 11.79677 0.804591 0.249323 0.154537 0.379594 0.225008 0.0I3Ï97 0.1613721367 11.35113 0.799820 0.256195 0.153997 0.374922 0.222023 0.010553 0.1592841368 11.81363 0.770352 0.250999 0.154616 0.358585 0.225798 0.009366 0.1779101369 12.33634 0.730720 0.243644 0.161902 0.370248 0.237465 0.011890 0.1629181370 13.68188 0.693534 0.237148 0.166038 0.372366 0.237315 0.012684 0.162030
SENÜPOP = Final energy/urban population. (Barrel per capita)
SEEN = Petroleum product/final energy. (%)
SPOIL = Fuel oil/total petroleum products. (%)
SGSLN = Gasoline/total petroleum products. (%)
SGSOIL = Gasoil/total petroleum products. (%)
SINEN = Energy used in Industrial sector/total final energy. (%)
SJETF = Aviation fuel/total petroleum products. (%)
SKER = Kerosine/total petroleum products. (%)
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Table A.B.21: Ratio of different types of energy to total final energy.
obs SLG SNGSN SPOEN SRCEN SRFEN STREN SÜKEF SUNFPER
1340 0.001967 U NA NA NA NA 4068.000 181.25111341 0.002777 U KA NA NA NA 4321.000 187.18591342 0.003305 U NA NA NA NA 4539.000 191.20431343 0.004606 HA • NA NA NA NA 5211.000 213,49561344 0.005450 HA NA NA NA NA 5688.000 226.69481345 0.007157 HA NA NA NA NA 6427.000 249.21481345 0.009466 0.013333 0.076190 0.380952 0.373333 0.219048 7395.000 279.04611347 0.012506 0.011492 0.067517 0.314599 0.307416 0.179565 8316.000 305.42091348 0.015899 0.011504 0.070175 0.226630 0.172561 0.194419 9309.000 332.82091349 0.019623 0.109666 0.084937 0.219331 0.209655 0.209655 10243.00 356.56351350 0.022480 0.116314 0.095959 0.219059 0.178349 0.216151 11299.00 383.02991351 0.025449 0.113298 0.102055 0.240434 0.123677 0.211029 12535.00 413.88761352 0.026783 0.122071 0.125242 0.273472 0.162498 0.232253 14748.00 474.38001353 D.030156 0.103519 0.141428 0.293062 0.159653 0.242031 15818.00 495.07061354 0.028666 0.101076 0.154983 0.341636 0.150940 0.278295 20024.00 610.15301355 0.029873 0.103011 0.157292 0.352828 0.148040 0.304093 23667.00 702.09741356 0.031168 0.083010 0.143689 0.310194 0.114563 0.283010 28138.00 810.05301357 0.031223 0.073127 0.186093 0.344354 0.103638 0.316521 28537.00 791.00251358 0.033756 0.077473 0.195455 0.395468 0.097728 0.297740 30502.00 305.50661359 0.033818 0.062917 0.188263 0.358968 0.059015 0.265324 28979.00 730.94381360 0.033172 0.072092 0.193152 0.347764 0.060303 0.243934 29664.00 719.63321361 0.033179 0.091362 0.202243 0.572924 0.059385 0.248754 32551.00 760.53741362 0.035459 0.03986? 0.207906 0.393702 0.056345 0.257119 39962.00 899.27541363 0.037476 0.100578 0.210505 0.376846 0.055125 0.251123 43041.00 931.60321364 0,039479 0.099159 0.234970 0.409398 0.058579 0.284386 47595.00 995.56551365 0.044430 0.090452 0.234797 0.357080 0.067760 0.260325 43889.00 889.10721365 0.041977 0.099366 0.244639 0.376523 0.053458 0.268197 46526.00 912.36401367 0.045049 0.101735 0.248653 0.377618 0.049970 0.258827 46527.00 883.33461368 0.048524 0.135314 0.249450 0.382288 0.038229 0.247250 49542.00 908.96081369 0.049398 0.173835 0.262408 0.367014 0.040458 0.245864 51135.00 996.65061370 0.049732 0.212169 0.251684 0.362595 0.041536 0.236866 54003.09 925.9008
SLG = Liquid petroleum gas/total petroleum product. (%)
SNGEN = Natural gas/total final energy, (%)
SPOEN = Power Generation consumption/total final energy, (%)
SRCEN - Consumption of Residential & Commercial/total final energy. (%)
SRFEN = Consumption of Refineries/total final energy. (%)
STREN = Consumption of Transportation sector/total final energy, (%)
SUMEF = Totla petroleum products consumption in Iran, (thousand m^)
S U M F P E R - P e r  capita consumption of petroleum products. (litre per person)
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Table A.B.22: Energy consumption per capita, and value added in different sectors.
obs TOTEHPR OPOP VAAG61 7ADA8 VADCR VADP VADTA VADTR
1340 NA 7743000. 411.3100 232529.3 558.8987 75.21089 752.3929 112003.71341 NA 8106000. 417.9700 234453,6 584.3411 84.69695 803.6925 118082.91342 NA 8489000. 409.3500 228680.5 615.3913 90.11755 906.2915 108637.7
1343 NA 8893000. 413.2700 229642.7 678.8942 190.6200 1344.475 107922.41344 NA 9316000. 430.1300 236378.0 790.2404 131.7885 1613.797 120813.21345 NA 9763000. 443.8500 237019.5 856.3718 147.7115 1940.832 125365.51346 1 .981057 10233000 466.5930 247282.8 931.4664 169.0551 2605.863 126018.31347 2.556651 10727000 494.4300 256253.3 1044.647 186.6721 2733.837 135997.21348 3.107820 11247000 501.5000 268451.0 1175.493 204.6278 3657.228 139760.51349 3.237720 11795000 495.2000 273262.0 1293.945 206.6606 5061.553 164452.21350 3.497363 12369000 613.2300 292505.8 1532.340 214.4527 5972.119 186396.01351 3.817738 12973000 716.7500 325220.2 1874.730 253.4133 7641.491 2(0667.11352 4.057889 13607000 861.4300 351520.1 1971.147 304.2314 10065.39 346239.61353 4.293215 14451000 1393.500 599479.0 2528.400 167.7000 13293.00 546770.01354 4.522016 15139000 1529.900 641270.0 3109.000 173.6000 19306.00 657328.01355 4.809360 15855000 1706.200 667209.0 3584.100 190.1000 22207.00 693738.01356 5.930447 16648000 1640.400 668:88.0 3751.400 191.5000 28240.00 660337.01357 5.079189 17465000 1747.200 557122.0 3850.000 177.7000 24501.00 655948.01358 5.198273 18450000 1851.200 680899.0 3874.000 199.5000 19918.00 721750.01359 5.171576 19468000 1914.900 631183.0 3761,700 189.9000 8565.000 793944.01360 5.350474 20604000 1952.700 662886.0 3566.700 204.6000 I2CCO.OO 614169.01361 5.626168 21830000 2091.400 720528.0 3554.400 219.3000 15272.00 617176.31362 6.310257 23093000 2193.000 853826.0 3961.600 284.4000 33051.00 708421.01363 6.714282 24485000 2353.700' 903542.0 4110.100 244.1000 39774.00 735673.01364 6.391754 25802900 2537.600 953979.0 4180.900 285.4000 34621.00 744296.31365 6.427804 26792000 2650.500 895616.0 3633.600 235.6000 38181.00 644947.01366 6.492794 28067000 2715.800 920835.0 3436.000 261.6000 41057,00 512080.01367 6.344927 29442000 2640.000 1000093. 3148.400 282.1000 28704.00 506173.01368 6.671070 30778000 2746.000 1126185. 3178.600 267.4000 35290.00 548123.01369 6.966188 31849000 2967.500 1235425. 3404,500 298.9000 32307.00 683592.01370 7.544777 32554000 3118.800 1354000. 3691.300 329.1000 36100.00 305100.0
TOTENPR = Energy consumption per capita. (Barrel per person)
UPOP = Urban population.
VAAG61 — Value added to Agricultural sector in the base price 
of 1982. (io9 Rials)
VADAN = Value added in Cattle sector. (10^ Rials)
VADCR = Value added in Residential & Commercial sector. (10^ Rials)
VADP = Value added of Social Services in the base price of 1982.
(10^ Rials)
VADTA = Value added of Transportation in the base price of 1982.
• (10^ Rials)
— 9VADTR = Value added for Transportation in current price. (10 Rials)
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Table A.B.23: Value added for different sectors, and electricity sale to 
different sectors.
obs VAP061 mm VFIN61 fPI KKEAG MKEC MKEIN MKEOTH MKER
1340 4.900000 106.8700 72.10000 17.90000 NA NA NA KA KA1341 4.900000 112.7000 85.70000 18.20000 NA NA NA NA NA1342 8.900000 104.2300 94.00000 18.30000 NA NA NA NA NA1343 10.70000 104.7500 104.4000 19.40000 KA NA NA NA NA1344 10.70000 117.4500 122.7000 19.60000 NA NA NA KA NA1345 15.00000 122.2100 141.6000 19.50000 NA KA NA NA KA1346 18.70000 124.8600 163.5000 19.60000 33.00000 271.0000 504.0000 180.0000 473.00001347 21.60000 134.9100 189.5000 19.70000 49.00000 364.0000 656.0000 252.0000 639.00001348 24.80000 143.9000 224.7000 20.50000 79.00000 607.0000 914.0000 293.0000 691.00001349 23.90000 175.6500 249.8000 21.00000 91.00000 854.0000 1427.000 292.0000 808.00001350 30.60000 200.5200 299.5000 22.60000 121.0000 1029.000 2035.000 351.0000 983.00001351 34.00000 282.5200 367.5000 23.70000 141.0000 1250.000 2745.000 369.0000 1218.0001352 43.80000 384.6300 495,6000 26.90000 213.0000 1585.000 4048.000 527.0000 1423.0001353 32.30000 596.2610 745.7000 31.40000 267.0000 1757.000 5001.000 507.0000 1620.0001354 36.20000 716,7730 806.8000 33.10000 330.0000 2191.000 5287.000 604.0000 2034,0001355 39.70000 775.2060 1049.100 37.60000 371.0000 2639.000 5575.000 529.0000 2620.0001356 43.80000 747,9760 1101.300 43.00000 426.0000 2888.000 5897.000 617.0000 3238.0001357 45.80000 703.6130 986.2000 47.10000 441.0000 3420.000 5821.000 666.0000 3797.0001358 50.30000 760.3180 859.1000 56.50000 518.0000 3773,000 6109.000 815.0000 4702.0001359 51.60000 815.2510 964.8000 73.60000 695.0000 3837.000 4739.000 614.0000 4479.0001360 57.60000 650.2870 1042.300 87.90000 873.0000 4749.000 6326.000 477.0000 5809.0001361 67.10000 669.0170 996.7000 100.0000 1158.000 5999.000 6489.000 757.0000 7350.0001362 77,60000 782.8300 1115.300 107.0000 1519.000 5609.000 7798.000 1370.000 8857.0001363 86.10000 806.8000 1252.300 116.0000 1848.000 6286.000 8631.000 1343.000 10069.001364 92.40000 804.5240 1225.900 124.5000 2439.000 6914.000 8834.000 1309.000 11316.001365 98.10000 705.4000 1148.000 155.8000 2160.000 7812.000 8703.000 1528.000 12416.001366 106,6000 569.3700 1275.600 202.1000 2565.000 9201.000 7848.000 1458.000 13668.001367 109.7910 543,9000 1301.800 246.5000 2947.000 9569.000 7852.000 1785.000 13994.001368 121.5940 592.9000 1417.900 291.9000 3352.000 10867.00 8466.000 1480.000 15791.001369 137.0200 725,6000 1643.800 361.7000 3716.000 11930.00 10220.00 1897.000 17344.001370 148.6000 850.8000 1940.300 NA 3792.000 13609.00 10637.00 2009.000 19128.00
VAP061 “ Value added for Power Generation based on prices for 1982. 
(10^ Rials)
VATR61 = Value added for Transportation sector based on prices for 
1982. (10^ Rials)
VFIN61 = Value added for Industrial sector based on prices for 1982 
(10^ Rials)
WPI = Wholesale price index.
MKEAG = Million kWh electricity sale to Agricultural sector,
MKEC = Million kWh electricity sale to Commercial sector.
MKEIN ="’Million kWh electricity sale to Industrial sector.
MKEOTff = Million kWh electricity sale in Others. ~
MKER = Million kWh electricity sale to Residential sector.
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Table A.B.24: Electricity sale to residential and commercial sector, and total 
electricity sale.
obs MKERC MKETO
1340 NA NA1341 NA NA1342 NA NA1343 NA NA1344 NA NA1345 NA NA1346 744.0000 1461.0001347 1003.000 1960.0001348 1298.000 2584.0001349 1662.000 3472.0001350 2012.000 4519,0001351 2468.000 5723.0001352 3008.000 7796,0001353 3377.000 9152.0001354 4225.000 10446.001355 5259.000 11734.001356 6126.000 13066-001357 7217.000 14145.001358 8475.000 15917.001359 8316.000 14364.001360 10558.00 18234.001361 13349.00 21753.001362 14466.00 25153.001363 16355.00 28177.001364 18230.00 . 30812.001365 20228.00 32619.001366 22869.00 34740.001367 23563.00 36147.001368 26658.00 39956.001369 29274.00 45107.001370 32737.00 49175.00
MKERC = Million kWh electricitysector.
MKETO = Million kWh electricity
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Table A.C.1; Calculation of coefficients for residential and commercial sector.
LS // Dependent Variable is IRRCP Date: 9-08-1994 / Time: 4:09 SMPL range: 1347 - 1370Number of observations: 24
VARIABLE COEFFICIENT STD. ERROR T-STAT. 2-TAIL SIG.
C -0.5622331 4.7543951 -0.1182554 0.9070VADCR 0.0024048 0.0021122 1.1385412 0.2677IRRCP(-1) 0.9443516 0.0739823 12.764558 0.0000
R-squaredAdjusted R-squared S.E. of regression Log likelihood Durbin-Watson stat
0.947819 Mean of dependent var 58.020830.942850 S.D. of dependent var 29.613697.079477 Sum of squared resid 1052.499•79.42495 F-statistic 190.72432.716564 Prob(F-statistic) 0.000000
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FIGURE A . C . l
Forecasting Oil Demand In IRRC Section
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Table A.C.2: Calculation of coefRcients for industrial sector.
LS // Dependent Variable is IRINP Date: 9-08-1994 / Time: 4:17 SMPL range: 1347 - 1370Number of observations: 24
VARIABLE COEFFICIENT STD. ERROR T-STAT. 2-TAIL SIG.
C 5.9495845 2.4247574 2.4536823 0.0230VFIN61 0.0042045 0.0037625 1.1174767 0.2764IRINP(-l) 0.7648963 0.1207038 6.3369704 0.0000
R-squared Adjusted R-squared S.E. of regression Log likelihood Durbin-Watson stat
0.902330 Mean of dependent var 37.150670.893028 S.D. of dependent var 13.262394.337672 Sura of squared resid 395.123567.66826 F-statistic 97.004852.060159 Prob(F-statistic) 0.000000
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FIGURE A.C.2
Forecasting Oil Demand In IRIN Section
300-
250-
200 -
i  150-
100 -
50-
1350 1355 1360 1365 1370 1375 1380 1385 1390YEAR
IRINP !
Amir A. Sadighi PhD Thesis, March 1998
Appendix C C 6
Table A.C.3: Calculation of coefficients for transportation sector.
LS // Dependent Variable is IRTRPDate: 9-08-1994 / Time: 4:44 SMPL range: 1347 - 1370 Number of observations: 24
VARIABLE COEFFICIENT STD. ERROR T-STAT. 2-TAIL SIG.
CVATR61 STOKCAR IRTRP(-1)
4.08218890.00764677.247E-060.7346739
3.2018179 1.2749597 0.0054469 1.4038598 6.112E-06 1.1856493 0.1883515 3.9005479
0.21690.17570.24970.0009
R-squared Adjusted R-squared S.E. of regression Log likelihood Durbin-Watson stat
0.9796620,9766114.275770-66.737811.479422
Mean of dependent var S.D. of dependent var Sum of squared resid F-statistic Prob(F-statistic)
57.4250027.95814365.6442321.12240.000000
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FIGURE A.C.3
Forecasting Oil Demand In IRTR Section
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Table A.C.4: Calculation of coefficients for agriculture sector.
LS // Dependent Variable is IRAGP Date: 9-08-1994 / Time: 5:01 SMPL range: 1347 - 1370Number of observations: 24
VARIABLE COEFFICIENT STD. ERROR T-STAT. 2-TAIL SIG.
C -0.7229059 0.8266165 -0.8745361 0.3917VAAG61 0.0022468 0.0010631 2.1134730 0.0467IRAGP(-1) 0.8394249 0.0978097 8.5822284 0.0000
R-squared Adjusted R-squared S.E. of regression Log likelihood Durbin-Watson stat
0.982902 Mean of dependent var 14,633330.981274 S.D. of dependent var 9.5586821.308051 Sum of squared resid 35.93093•38.89706 F-statistic 603.60792.457603 Prob(F-statistic) 0.000000
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FIGURE A.C.4
Forecasting Oil Demand In IRAG Section
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Table A.C.5: Calculation of coefficients for power plants sector.
LS // Dependent Variable is IRPOP Date; 9-08-1994 / Time: 5:17 SMPL range: 1347 - 1370Number of observations: 24
VARIABLE COEFFICIENT STD. ERROR T-STAT. 2-TAIL SIG.
C 0.2090139 1.1540316 0.1811163 0.8580VAP061 0.0811319 0.0492961 1.6458084 0.1147IRPOP(-l) 0.7830255 0.1434301 5.4592815 0.0000
R-squared 0.968188 Mean of dependent var 19.85000Adjusted R-squared 0.965158 S.D. of dependent var 13.41638S.E. of regression 2.504300 Sum of squared resid 131,7019Log likelihood -54.48437 F-statistic 319.5620Durbin-Watson stat 1.419249 Prob(F- statistic) 0.000000
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Forecasting Oil Demand In IRPO Section
FIGURE A.C.5
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Table A.C.6: Calculation of coefficients for refineries sector.
LS // Dependent Variable is IRRFP Date; 9-08-1994 / Time: 5:29 SMPL range: 1347 - 1370Number of observations: 24
VARIABLE COEFFICIENT STD. ERROR T-STAT. 2-TAIL SIG.
CIRRFP(-l) 8.41814610.3789419 2.8044727 0.1998478 3.0016859 0.0066 1.8961521 0.0712
R-squared Adjusted R-squared S.E. of regression Log likelihood Durbin-Watson stat
0.140470 Mean of dependent var 13.633330.101401 S.D. of dependent var 2.8322162.684785 Sum of squared resid 158.577556.71280 F-statistic 3.5953932.017081 Prob(F-statistic) 0.071150
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FIGURE A.C.6
Forecasting Oil Demand In IRRF Section
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Table A.C.7: Total oil demand by sectoral method.
TOOILSEC TODEOIL
1371 360.2624 381.87821372 377.7816 • 400.44851373 397.1327 420.96071374 418.6327 443.75071375 442.5255 469.07701376 469.0518 497.19491377 498.4765 528.38511378 531.1002 562.96621379 567.2658 601.30181380 607.3643 643.80611381 651.8394 690.94981382 701.1947 743.26641383 756.0002 801.36021384 816.9012 865.91531385 884.6276 937.70531386 960.0052 1017.6061387 1043.968 1106.6061388 1137.574 1205.8281389 1242.019 1316.5401390 1358.658 1440.178
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FIGURE A.C.7
Forecasting Total Domestic Oil Demand
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Table A.C.8: Different economic variables for total oil demand (low).
Periods VADCR VBTM61 VATR61 STOCKAR VAAG61
1991 -1995 5.4 13.6 15 3.7 5.6
1996 - 2000 4 10 13 3 4
2001-2005 3 8 10 2 3
2006-2010 2 8 8 1.5 2
VADCR = growth o f value added in residential and commercial sector (%). 
VEIN61 — growth of value added in industrial sector (%).
VATR61 = growth o f value added in transportation sector (%).
STOCEAR = growth of number of vehicles (%).
VAAG61 = growth of value added in agricultural sector (%).
Amir A. Sadlghi PhD Thesis, March 1998
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Table AJ>.1: Calculation of coefficients for population and GNP changes method.
LS // Dependent Variable is DOILC Date: 9-08-1994 / Time: 2:43 SMPL range: 1346 - 1370Number of observations: 25
VARIABLE COEFFICIENT STD . ERROR T-STAT. 2-TAIL SIG.
C -165.13046 17 .541015 -9.4139629 0.0000POP 7.641E-06 6. 112E-07 12.502586 0,0000GNP61 0.0081986 0. 0016456 4.9822071 0.0001
R-squared 0.963498 Mean of dependent var 207.3400Adjusted R-squared 0.960180 S.D. of dependent var 102.9599S.E. of regression 20.54570 Sum of squared res id 9286.770Log likelihood -109.4418 F-statistic 290.3528Durbin-Watson stat 1.570030 Prob(F-statistic) 0.000000
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Table A.B.2: Oil demand forecasting for Iran for population growth of 3.2% and 
GNP changes. (1/2)
DOILCl D0ILC2 D0ILC3 D0ILC4 D0ILC5
1346 54.50000 54.50000 54.50000 54.50000 54.500001347 63.59998 63.59998 63.59998 63.59998 63.599981348 73.00000 73.00000 73.00000 73.00000 73.000001349 66.00000 66.00000 66.00000 66.00000 66.000001350 86.40002 86.40002 86.40002 86.40002 86.400021351 91.09998 91.09998 91.09998 91.09998 91.099981352 111.2001 111.2001 111.2001 111.2001 111.20011353 129.3999 129.3999 129.3999 129.3999 129.39991354 154.9000 154.9000 154.9000 154.9000 154.90001355 172.2000 172.2000 172.2000 172.2000 172.20001356 201.3000 201.3000 201.3000 201.3000 201.30001357 218.3000 218.3000 218.3000 218.3000 218.30001358 218.9001 218.9001 218.9001 218.9001 218.90011359 216.4000 216.4000 216.4000 216.4000 216.40001360 207.3000 207.3000 207.3000 207.3000 207.30001361 222.2000 222.2000 222.2000 222.2000 222.20001362 283.4000 283.4000 283.4000 283.4000 283.40001363 291.9000 291.9000 291.9000 291.9000 291.90001364 352.9000 352.9000 352.9000 352.9000 352.90001365 289.5000 289.5000 289.5000 289.5000 289.50001366 328.2000 328.2000 328.2000 328.2000 328.20001367 318.9000 318,9000 318.9000 318.9000 318.90001368 358.2000 358.2000 358.2000 358.2000 358.20001369 330.4999 330.4999 330.4999 330.4999 330.49991370 343.3000 343.3000 343.3000 343.3000 343.30001371 396.8173 397.8321 398.8469 399.8617 400.87651372 412.5447 414.6047 416.6851 418.7858 420.90671373 428.7528 431.8893 435.0879 438.3492 441.67381374 445.4568 449.7016 454.0731 458.5737 463.20611375 462.6724 468.0581 473.6591 479.4821 485.53321376 480.4156 486.9756 493.8651 501.0974 508.68581377 498.7032 506.4716 514.7106 523.4439 532.69581378 517.5522 526.5640 536.2159 546.5466 557.59661379 536.9804 547.2714 558.4019 570.4313 583.42261380 557.0062 568.6129 581.2901 595.1248 610.21001381 577.6484 590.6082 604.9028 620.6547 637.99641382 598.9266 613.2777 629.2629 647.0497 666.82071383 620.8607 636.6423 654.3941 674.3392 696.72361384 643.4714 660.7237 680.3209 702.5541 727.74731385 666.7805 685.5443 707.0683 731.7258 759.93611386 690.8096 711.1268 734.6624 761.8873 793.33571387 715.5818 737.4954 763.1301 793.0725 827.99401388 741.1205 764-6742 792.4990 825.3163 863.96071389 767.4501 792.6887 822.7976 858.6553 901.28771390 794.5954 821.5648 854.0554 893.1270 940.02901391 822.5825 851.3295 886.3028 928.7700 980.24081392 851.4379 882.0105 919.5711 965.6249 1021.9821393 881.1891 913.6364 953.8926 1003.733 1065.3131394 911.8647 946.2366 989.3008 1043.138 1110.2981395 943.4937 979.8416 1025.830 1083.883 1157.003
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Table A.D.2: Oil demand forecasting for Iran for population growth of 3.2% and 
GNP changes. (2/2)
D0ILC6 D0ILC7 D0ILC8 D0ILC9 DOILCIO
1346 54.50000 54.50000 54.50000 54.50000 54.500001347 63.59998 63.59998 63.59998 63.59998 63.599981348 73.00000 73.00000 73.00000 73.00000 73.000001349 66.00000 66.00000 66.00000 66.00000 66.000001350 86.40002 86.40002 86.40002 86.40002 86.400021351 91.09998 91.09998 91.09998 91.09998 91.099981352 111.2001 111.2001 111.2001 111.2001 111.20011353 129.3999 129.3999 129.3999 129.3999 129.39991354 154.9000 154.9000 154.9000 154.9000 154.90001355 172.2000 172.2000 172.2000 172.2000 172.20001356 201.3000 201.3000 201.3000 201.3000 201.30001357 218.3000 218.3000 218.3000 218.3000 218.30001358 218.9001 218.9001 218.9001 218.9001 218.90011359 216.4000 216.4000 216.4000 216.4000 216.40001360 207.3000 207.3000 207.3000 207.3000 207.30001361 222.2000 222.2000 222.2000 222.2000 222.20001362 283.4000 283.4000 283.4000 283.4000 283.40001363 291.9000 291.9000 291.9000 291.9000 291.90001364 352.9000 352.9000 352.9000 352.9000 352.90001365 289,5000 289.5000 289.5000 289.5000 289.50001366 328.2000 328.2000 328.2000 328.2000 328.20001367 318.9000 318.9000 318.9000 318.9000 318.90001368 358.2000 358.2000 358.2000 358.2000 358.20001369 330.4999 330.4999 330.4999 330.4999 330.49991370 343.3000 343.3000 343.3000 343.3000 343.30001371 401.8913 402.9061 403.9210 404.9358 405.95061372 423.0480 425.2095 427.3914 429.5935 431.81601373 445.0623 448.5155 452.0337 455.6177 459.26811374 467.9728 472.8763 477.9191 483.1041 488.43371375 491.8194 498.3473 505.1238 512.1561 519.45111376 516.6443 524.9872 533.7292 542.8854 552.47141377 542.4918 552.8582 563.8225 575.4132 587.65971378 569.4082 582.0262 595.4972 609.8702 625.19661379 597.4423 612.5610 628.8533 646.3983 665.27931380 626.6453 644.5367 663.9982 685.1508 708.12401381 657.0707 678.0320 701.0466 726.2939 753.96681382 688.7751 713.1302 740.1219 770.0076 803.06651383 721.8177 749.9196 781.3563 816.4872 855.70621384 756.2607 788.4942 824.8914 865.9440 912.19621385 792.1696 828.9538 870.8795 918.6075 972.87611386 829.6129 871.4041 919.4837 974.7264 1038.1181387 868.6630 915.9576 970.8795 1034.571 1108.3311388 909.3958 962.7336 1025,255 1098.433 1183.9611389 951.8912 1011.859 1082.812 1166.632 1265.5001390 996.2331 1063.469 1143.769 1239.512 1353.4841391 1042.510 1117.707 1208.357 1317.447 1448.5041392 1090.814 1174.725 1276.829 1400.846 1551.2081393 1141.244 1234.685 1349.454 1490.149 1662.3041394 1193.901 1297.760 1426.521 1585.837 1782.5731395 1248.895 1364.133 1508.343 1688.432 1912.870
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Table AJD.3: Oil demand forecasting for population growth of 2.3% and 
GNP changes. (1/2)
DOILCl1 D0ILC12 D0ILC13 D0ILC14 D0ILC15
1346 54.50000 54.50000 54.50000 54.50000 54.500001347 63.59998 . 63.59998 63.59998 63.59998 63.59998 '1348 73.00000 73.00000 73.00000 73.00000 73.000001349 66.00000 66.00000 66.00000 66.00000 66.000001350 86.40002 86.40002 86.40002 86.40002 86.400021351 91,09998 91.09998 91.09998 91.09998 91.099981352 111.2001 111.2001 111.2001 111.2001 111.20011353 129.3999 129.3999 129.3999 129.3999 129.39991354 154.9000 154.9000 154.9000 154.9000 154.90001355 172.2000 172.2000 172.2000 172.2000 172.20001356 201.3000 201.3000 201.3000 201.3000 201.30001357 218.3000 218.3000 218.3000 218.3000 218-30001358 218.9001 218.9001 218.9001 218.9001 218.90011359 216.4000 216.4000 216.4000 216.4000 216.40001360 207.3000 207.3000 207.3000 207.3000 207.30001361 222.2000 222.2000 222.2000 222.2000 222.20001362 283.4000 283.4000 283.4000 283.4000 283.40001363 291.9000 291.9000 291.9000 291.9000 291.90001364 352.9000 352.9000 352.9000 352.9000 352.90001365 289.5000 289.5000 289.5000 289.5000 289.5000■ 1366 328.2000 328.2000 328.2000 328.2000 328.20001367 318.9000 318.9000 318.9000 318.9000 318.90001368 358.2000 358.2000 358.2000 358.2000 358.20001369 330.4999 330.4999 330.4999 330.4999 330.49991370 343.3000 343.3000 343.3000 343.3000 343.30001371 392.8104 393.8252 394.8400 395.8548 396.86971372 404.3106 406.3707 408.4510 410.5517 412.67271373 416.0620 419.1985 422.3970 425.6584 428.98301374 428.0702 432.3149 436.6864 441.1871 445.81951375 440.3410 445.7267 451.3278 457.1506 463.20181376 452.8803 459.4402 466.3298 473.5620 481.15051377 465.6941 473.4626 481.7016 490.4349 499.68681378 478.7887 487.8005 497.4524 507.7831 518.83301379 492.1702 502.4612 513.5917 525.6211 538.61241380 505.8453 517.4520 530.1292 543.9639 559.04911381 519.8204 532.7802 547.0748 562.8268 580.16841382 534.1025 548.4536 564.4388 582.2256 601.99661383 548.6982 564.4799 582.2318 602.1769 624.56121384 563.6149 580.8671 600.4642 622.6975 647,89071385 578.8596 597.6234 619.1475 643.8050 672.01531386 594.4397 614.7570 638.2925 665.5175 696.96581387 610.3629 632.2764 657.9112 687.8536 722.77511388 626.6368 650.1905 678.0153 710.8326 749.47701389 643.2695 668.5081 698.6170 734.4747 777.10711390 660.2688 687.2382 719.7288 758.8004 805.70241391 677.6433 706.3903 741.3636 783.8308 835.30161392 695.4012 725.9739 763.5345 809.5883 865.94511393 713.5514 745.9985 786.2549 836.0953 897.67501394 732.1025 766.4744 809.5387 863,3755 930.53551395 751.0638 787.4117 833.4001 891.4534 964.5726
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Table A.D.3: Oil demand forecasting for population growth of 2.3% and 
GNP changes. (2/2)
D0ILC16 . D0ILC17 D0ILC18 D0ILC19 DOILC20
1346 54.50000 54.50000 54.50000 54.50000 54.500001347 63.59998 63.59998 63.59998 63.59998 63.599981348 73.00000 73.00000 73.00000 73.00000 73.000001349 66.00000 66.00000 66.00000 66.00000 66.000001350 86-40002 86.40002 86.40002 86.40002 86.400021351 91.09998 91.09998 91.09998 91.09998 91.099981352 111.2001 111.2001 111.2001 111.2001 111.20011353 129.3999 129.3999 129.3999 129.3999 129.39991354 154.9000 154.9000 154.9000 154.9000 154.90001355 172.2000 172.2000 172.2000 172.2000 172.20001356 201.3000 201.3000 201.3000 201.3000 201.30001357 218.3000 218.3000 218.3000 218.3000 218.30001358 218.9001 218.9001 218.9001 218.9001 218.90011359 216.4000 216.4000 216.4000 216.4000 216.40001360 207.3000 207.3000 207.3000 207.3000 207.30001361 222.2000 222.2000 222.2000 222.2000 222,20001362 283.4000 283.4000 283.4000 283.4000 283.40001363 291.9000 291.9000 291.9000 291.9000 291.90001364 352.9000 352.9000 352.9000 352.9000 352.90001365 289.5000 289.5000 289.5000 289.5000 289.50001366 328.2000 328.2000 328.2000 328.2000 328.20001367 318.9000 318.9000 318.9000 318.9000 318.90001368 358.2000 358.2000 358.2000 358.2000 358.20001369 330.4999 330.4999 330.4999 330.4999 330.49991370 343.3000 343.3000 343.3000 343.3000 343.30001371 397.8845 398.8993 399.9141 400.9289 401.94371372 414.8139 416.9755 419.1573 421.3595 423.58191373 432.3715 435.8246 439.3429 442.9269 446.57731374 450.5861 455.4896 460.5325 465.7174 471.04711375 469.4880 476.0158 482.7924 489.8246 497.11971376 489.1090 497.4519 506.1938 515.3501 524.93611377 509.4828 519.8492 530.8135 542.4042 554.65071378 530.6447 543.2627 556.7337 571.1068 586.43301379 552.6321 567.7508 584.0431 601.5881 620.46911380 575.4843 593.3759 612.8372 633.9899 656.96311381 599.2427 620.2040 643.2186 668.4659 696.13891382 623-9510 648.3060 675.2979 705.1835 738.24241383 649.6553 677.7572 709.1939 744.3248 783.54381384 676.4041 708.6376 745.0348 786.0874 832.33961385 704.2487 741.0330 782.9586 830.6866 884.95531386 733.2430 775.0342 823.1138 878.3565 941.74841387 763.4441 810.7386 865.6606 929.3518 1003.1121388 794.9122 848.2499 910.7712 983.9495 1069.4781389 827.7106 887.6787 958.6317 1042.451 1141.3191390 861.9065 929.1428 1009.442 1105.185 1219.1571391 897.5706 972.7679 1063.418 1172.508 1303.5651392 934.7774 1018.689 1120.793 1244.809 1395.1711393 973.6058 1067.048 1181.816 1322.511 1494.6671394 1014.139 1117.998 1246.759 1406.075 1602.8111395 1056.465 1171.703 1315.913 1496.002 1720.440
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Appends E_____________________________ E l
Paper presented at the 2nd European Congress on 
Economics and Management of Energy in Industry
A PRELIMINARY STUDY OF ENERGY PRODUCTION, 
CONSUMPTION AND POTENTIAL FOR CONSERVATION 
IN IRAN
Amir SADIGHI* and Alex HENHAM^
*Institute for International Energy Studies, Tehran, Iran 
^University o f Surrey, Guildford, U.K.
Abstract
The paper reviews energy production in Iran as an oil-producing country and considers the 
implications o f this position in the way in which its own consumption of energy has 
developed over the last few years. This is set against the rather complicated political and 
economic background of the country over that period. Energy conservation plant, 
refineries and electricity generation, are considered as important features of industry. The 
final demand o f the various sectors are studied and energy intensity compared with 
potential for energy conservation through improved efficiency and load management in 
power generation and in all final use sectors.
Keywords
Energy production, energy demand, energy conservation, energy policy.
Amir A. Sadighi PhD thesis, March 1998
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Energy audit data from the factories of the 
Nationalized Industries Organization^ Iran (1992-93)
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Paper presented at the First National Energy Congress 
Spring 1997, Tehran, Iran
ENERGY AUDIT IN THE FACTORIES OF THE 
NATIONALIZED INDUSTRIES ORGANIZATION
Alex HENHAM^ and Amir SADIGHI*
^University o f Surrey, Guildford, U% .
*iran Centre for Energy Studies, Tehran, Iran
Abstract
This paper reviews energy audit carried out in the fectories o f the Nationalized Industries 
Organization (NIG) in Iran. In 1992 the total number o f factories in the NIG was 140, the 
number o f workers was 85 272. The total production and sales values were 1 313 and 1 247 
billion Rials. Topics such as energy use in different seasons, contracted and real demands, 
energy used per unit production, energy supply difficulties, emergency generating sets, 
possibility o f selling electricity to the electricity boards, the price o f industrial products and 
cost o f energy, load management, repair o f machinery, classifying electrical loads, control of 
heating and cooling, power &ctor, electrical load factor calculation, demand reduction in peak 
time, avoiding heavy and sudden loads, low consumption lamps, use o f photocells and timers, 
electrical load control, demand penalty, waste heat recovery, and petroleum products storage, 
are discussed in this paper. Some conclusions are drawn concerning each topic.
This paper was presented in Farsi.
Keywords
Energy audit, energy management, energy and industry, energy conservation.
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Définitions for the Cement Industry
• Suspension Pre-H eater: These devices are employed to  heat the raw mix 
before it enters the kiln. Suspension pre-heaters are used to reduce dust and to 
improve heat economy. The raw mix is heated by exit gases from the kiln 
which are directed towards the raw mix in a series of cyclones. An example of 
this type o f pre-heater is shown in Figure A.H.2. The pre-heater can be seen on 
the far side of the rotary kiln. The type of pre-heater shown, in use since the 
1950s, channels hot gas from the rotary kiln up through a series o f gas ducts 
connecting a circuit o f cyclones. The heat transfer between the gas and the raw 
mix takes place in a state of suspension. This transfer is aided by the size 
separation of raw mix particles which is made possible by having a series of 
cyclones. Exit gas from the top o f the pre-heater can be fiirther harnessed to dry 
raw mix or for other heat needs. A four-stage cyclone pre-heater heats the raw 
mix from 50 °C to 800 ®C as it cools ascending kiln gases from 1 100 ®C to 
330®C. There are many different designs of suspension pre-heater, but all 
contain the basic structure of a series o f cyclones. Recently, Asian cement 
plants have designed a pre-heater that allows the calcinating o f the raw mix to 
be performed in the cyclone circuit as opposed to in the rotary kiln. This will 
allow cement plants to reduce the size o f their kilns and could result in 
substantial energy saving. [193]
•  Rotary Cooler: This is the oldest type of clinker cooler; before its invention hot 
clinker was dumped onto an open storage area to cool. The rotary cooler is 
constructed to work with the rotary kiln. It is an inclined rotation cylinder that 
is usually placed below the rotary kiln on an opposite incline. An example is 
shown in Figure A.H. 1. The cooler turns at a speed of up to 8 rpm and cools the 
clinker with a cross-current o f air, pulled through the rotary cooler from its exit 
end due to the suction caused by negative pressure from the rotary kiln. The 
drum of the cooler is refractory lined and has flights on the inside to  lift and 
drop the clinker, maximizing contact with the cooling air. Clinker can spend 
roughly half an hour in the rotary cooler and is cooled from somewhere in the 
range of 1 300 °C - 1 350 °C to 150 - 300®C . Rotary coolers are still in
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common use but they have been surpassed in popularity by the grate cooler.
[193]
-a-
Figure A.H.1: Longitudinal section of a rotary cooler with rotary kiln [193]
• Satellite cooler: This type of cooler, also called the Concentra or Unæc cooler, 
consists of several (usually 10 or 11) sheet metal cylinders arranged along the 
body of the rotary kiln. These cylinders revolve with the kiln accepting clinker 
from openings in the kiln's shell. They are refractory lined and have inner 
chains or flights to increase the surface area of clinker exposed to the cooling 
air. This design was improved in 1965 by extending the kiln tube forward 
supported by an additional roller assembly. This meant that larger satellite 
cooling tubes could be used without damaging the rotary kiln's shell. The 
clinker spends approximately 45 minutes in the satellite cooler entering at 
temperatures from 1 100 ®C - 1 350 °C, and exits at temperatures from 120 - 
200®C. A picture o f a satellite cooler is shown below in Figure AH.2.
Figure A.H.2: Rotary kiln with raw mix pre-heater and satellite coolers [193]
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G rate cooler: Also known as the Fuller cooler, the grate cooler was developed 
in an effort to improve clinker quality by cooling it rapidly. The grate cooler is 
smaller and cleaner than the rotaiy cooler and allows for complete control of 
secondary air and clinker temperatures, so heat loss is minimized. Hot clinker is 
dropped ffom the kiln onto a series o f inclined grates where it is sifted and 
cooled by air blown from cooler fens. Larger chunks are broken up by a clinker 
breaker among the series of grates. Cooled clinker is moved by conveyor. The 
grate cooler uses cross and counter-current air to cool the clinker and the 
addition of excess cooling air (from the fens) allows the clinker to be cooled 
from 1 370 -1 400 to 65 °C - a temperature at which the clinker can be 
immediately ground to cement. A  cross section o f a grate cooler appears in Fig. 
A H 3 .
n
— r r r  ^
Figure A .H 3: Side view of a grate cooler [193]
• (1.6R + CL) + C ~ total electricity consumption intensity (kWh/tonne)
R  = Electricity consumption intensity of raw material grinding department 
CL = Electricity consumption intensity o f kiln department 
■ C = Electricity consumption intensity of cement grinding-department
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• Abbreviations in the Cement Industry
- SP: Suspension Pre-heater
- NSP: New Suspension Pre-heater
- 300 ds: 300 days work in a year, twenty-four hours per day.
- EP: Electric Precipitator
- IH V : Lower Heating Value
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Definitions for the Glass Industry
•  Side Port Regeneration: Originally designed for the steel industry, 
regenerative furnaces were first used in the glass industry at the end of the 
nineteenth century. Regenerative furnaces are the most commonly-used 
furnaces in the glass industry except for in some low-cost electric power areas, 
where electric furnaces are common. There are two types of regenerative 
furnaces: the side port furnace and the end port furnace. In a side port furnace, 
the regenerators are located on either side of the melter. Figure AI.1 shows a 
side port furnace with four ports positioned on each side of the melting 
chamber. The number of ports can vary depending on the size of the furnace.
[194].
Figure A.L1: Typical side-fired box-type regenerator glass furnace. [194]
•  Fourcault M ethod: Emile Fourcault of Belgium was the first to develop a 
successful method of vertically drawing a flat sheet o f glass from a furnace of 
molten glass, in 1913. Previous methods had failed at this as they had been 
unable to keep the width of the glass sheet consistent because the unset portion 
of the glass sheet would stretch and become thinner. Fourcault's method was to 
draw the glass through a slit in a fireclay float — called a debiteuse — that was
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placed just under the surface of the molten glass, thereby allowing hydrostatic 
pressure to force the glass up through the slit. Then if  the sheet is drawn 
upwards at the same rate as the hydrostatic pressure pushes the molten glass 
through the slit, there is very little stretching force applied to the cooling sheet 
of glass. The glass is pulled upwards, annealed slowly as it is guided upwards 
through the drawing chamber by asbestos rollers. A depiction of this process is 
shown in Figure A I.2. [195]. Up to seven debiteuses can be used in one 
Fourcault tank. One disadvantage of this method is that the asbestos rollers 
used to guide the glass sheet tend to leave marks on the finished glass. 
However, this method is still in use today. [196]
Flat glass
or
Figure A.L2: Sheet glass drawing with the Fourcault process:
(a) debiteuse; (b) coolers; (c) drawing rollers; (d) dome. [196]
Colburn M ethod: This method was developed by Irving Colburn of the U.S. A  
during the early 20th Century. Colburn's method, like Fourcault's, was to draw 
a sheet of glass directly from a tank of molten glass. Colburn eliminated the 
stretching problem, not by using a debiteuse, but instead by employing cooled 
rollers to grip the edges o f the sheet and prevent the glass from contracting.
[195] This method is also called the Libby-Owens process after the firm that
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supported the development of this method, shown in Figure A I.3. The drawing 
speed is twice that o f the Fourcault method. [196]
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Fig. A.L3: Sheet glass drawing with the Libbey-Owens process:
(a) glass melt; (b) cooler boxes; (c) deflection roller;
(d) conveyors in the drawing and annealing zone. [196]
•  Rolled Glass M ethod: This method was developed by the Chance Brothers in 
the late 19th Century. Molten glass is poured down an inclined plane and 
passed between a pair of iron rollers to form a continuous sheet that travels on 
rollers to an annealing kiln. The major disadvantage o f this glass making 
process was that the end product was not clear glass, however, it was translucent 
and by the use o f raised markings on rollers it could be imprinted with a pattern 
which made it quite popular. [195]
• Float Process: This is the process by which most modem sheet glass is made. 
Molten glass is fed down an inclined surface onto a float bath of molten tin. Tin 
is the ideal metal to "float" the molten glass on as it is a liquid at 600 ®C, where 
the glass hardens, yet it does not vaporize at 1 000 ®C. The glass moves along 
the float bath as a ribbon and then is conducted by rollers to  the annealing lehr. 
This glass can be easily made in different widths and tints, it is fast to make, and
. requires little supervision. This process is shown in Figure A I.4. [196]
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Figure AX4: Method of making float glass: (a) glass melt; (b) glass melting tank; 
(c) transport rollers; (d) float bath; (e) molten tin;
(f) heated zone; (g) annealing lehr. [196]
•  Figured glass: processed flat ÿass
•  Checker Brick: Brick on the wall of regenerator furnace.
• Yield: Share o f production in molten glass.
•  Cold Repair: Repair during shut-down o f plant.
•  Abbreviations in the Glass Industry 
-TQC: Total Quality Control
- TPM: Total Preventive Maintenance
- MT: Melting Tank
- IP to SP: 1 percent to 5 percent excess air
- Hh: Heating value o f heavy fuel oil.
“ HI: Lower hearing value o f riiel.
- C/R: Cold Repair.
- REG: Regeneration.
- MGS: Molten Glass Sheet.
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Paper presented at the First National Energy Congress 
Spring 1997, Tehran, Iran
ENERGY CONSERVATION J N  TRANSPORTATION
Amir SADIGHI*, AH HOD JATI*, and Pooran GOMAR*
♦Energy Conservation Management Institute, Tehran, Iran
Abstract
This paper reviews energy conservation in transportation. The energy use in transportation 
and its relationship to the economy for developed and developing countries is discussed. 
Technical aspects of energy conservation in transportation are mentioned, and energy losses in 
exhaust, cylinder cooling, air pumping, accessories, transmission, tyres, and aerodynamic drag 
are discussed. Also the possibility o f using alternative fuels is reviewed. The importance of 
transportation system management is pointed out. Some conclusions are drawn about energy 
conservation possibilities in transportation for Iran.
This paper was presented in Farsi.
Keywords
Energy conservation, energy management, energy and transportation.
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Appendix K
Units and energy equivalents
K1
1 barrel of oil (bbl)
1 tonne of oil equivalent (toe)
1 tonne of coal equivalent (tee)
31000 m of natural gas 
1 tonne of natural gas liquid 
IkWh
0.136 tonne 
160 litre 
965 GJ
42.0 GJ 
29.3 GJ
36.0 GJ
46.0 GJ
(based on lower calorific value) 
(based on lower calorific value)
(based on lower calorific value)
(based on lower calorific value)
3600 kJ
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